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ABSTRACT 


TnNis thesis describes a fin-line 180 degree Nybhrid 
(magic~-tee) that 15 suitable for wise im monopulse reader 
antennas at microwave and millimeter-wave frequencies. 

The three-dimMmensionsel junction of & Waveguide msegic-tes 
156 replaced with fin-line slots, coupled fin-Line slots anc 
Microstrip lines mounted im 8&8 Wavequide fixture. Tne planer 
geometry on the substrate provides siaqnificant reduction im 
S1:z@ and eliminates the wavequide ratrace that 16 associated 
With conventional hybrids. Forts one and two are flered into 
Fin-LlLine horns to produce ga fin-Line monopulse sustem, 
SUQgestions for Further development of the fin-lLine 


Mea io-tee and monopulse system sare presented, 
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TL. INTRODUCTION 


As EACKGROUND 
Tnis thesis deserides the suceessful desian. 
coaonmstructiom and testing of both 3s fin-Line magqic-tee ang 


MOMNOPuULESe system. Each of these units is probable tone first 





Hevices of their type constructed. 

There @re two mein categories of mag ic-tees; the 
canventionael waveguide Nebrids, and tne mew planar devices 
Crear. 2s Oop, 29-2511. The finm-line magic-tee, devel orecnia 
Linas tinn@sis, 16 in the latter csteqors, 

Me LBRO dearee mybrid, or mawie-tee, 16 8 passive four 
parb mevice, Fb is an essential part of mens wAloeroweve 
SOMpaneaents, ~weludine balanced wnteers, single-sidebaenna 
Madulators., Frequency multiplexers, linear pmase shifters, 
conestanh impedance filters, TFM Canstantsneous freaquvencs 
MESSuremnment) receivers, interferometers, oduplexers ena 


OD. 299-251 sfc ieee 


wo 


MHOMGPUILSse raacsar comnearators [CTRet, | 

a pp, LoéTG1. While many of these applications use onle 

Gre Neri, Manopulse antennas contein & comples network af 

MBQLE-Lee cCcoamnperators. | 
Monapulse comparatar networks readuire exset suametry 

Hatwean mumerous sections of transmissian Lines Tor praper 


Operstion, Unbalanced phase shifts of only s few Hegrees, 


LO 





due to uneven lLeneaths of transmission line, destroy the 
target tracking capability of the system CRef. Oi. 

W3aveQuide comparator networks, with bolted together 
flanges or soldered conmmections, have diffieunltys sgenreving 
these execting lenetns at millimeter-wave Preduencias. This 
effect limits most of the current monopulse traders to 
frequencies well below the millimeter-wave tand URef. O14. 

Another Limitation of the wavequide hybrid oeecurs 
heaawse tinree of the Pour ports ere on mutuglls arthocons 1 
arxege Lt is this three dimensionel shape that promuces Line 
COMPLEX Waveguide ratrece end intricate network af solmered 
flanges in conventions l monopulse antennas CURer., 22 eee 
meee l/ smc Ket. Giae 

Unlike the wavequide meole-tee., all four ports af the 
meW NYArias are am the same plane. Tinie two dimMnensional 
QeQnebry Greatls simplifies the interconmections between bone 
MUAerOUS COMpPSsrasebtors to 8 monopulse antenna oeactem, Waitin the 
planasr mMmaeie-tees, tine confusing ena caostils maze ofr 
WSVEGQWIL Ge eelesen SOV Csr me eliminated, 

tm e@80ition to tne fTinrline maqic-tee cdesiemed im tinis 
tLi@sis, two obmer types of planar meaie-tees Nave reoenbtis 
heen Gevelapecd CRef. 3 ana Fer. 43 pp. S239-S201. However. 
Only one of these mew Nebrids 14 Gesianed BS #& MOoNOPuUlse 
Peper ablor Lker. Sie 

Pei tine Maaic-Loe sevelomec im baie thesis ene bie 


Beeexss phetles) ee ci erana sete Mo focus, oss seageeMaiold esti cee er). sc6 ree CO setts pre. oe ett 7 Ado eee ae En a, ooo : : 4 dp Sach Fore tp. GN) SEE 
n@éw Tineline morn antennas developed in & perellel tbinesis 


Hg nae . ogee ee a mee see ee . =Pe pee ei se o> a. edt . ete . oy ee en oe oe ofe oan 2°. » Pi oo a ie - ve, she oe, . e soe wee se 
Zee 2 | STG FeSLianed to the computer manufactured #25 a 


single unit. This combination of fin-line horns and fin-lLine 
MaQic-tees caomstructed in an integrated unit, 16 hereafter 
called 2@ fim-line monopulse system, or a fim-line monopulse 
comparator. Fin-line monopulse systens, operating at 
Millimeter-wave frequencies, can potentially be mass 
produced for 3a few hundred dollars each. 

ft. RELATED WORK 

be SOUT iiss Giese ee 

Mr. Ms. ALkKawa and Mr. H. OQGawsa CRef, 43 pee 
Yea-deel] introduced a slotline magic-tee. The Fi eee 
mMsQie-~-tee developed im this tnesis (Fie. 1) is similar to 
two of tnese slotline Nybrids placed back to hack an 2 
Waveguide fixture, 

There are five mayor dagifferences hbetween tine 
fin-line magic-tee developed im this thesis anc the slotline 
MaQice-tee mesceribed im Reference 4, 

First, tne fin-Lline nAyorid is essantialliy two 
slotline Nybridgs im parallel with each other. THis 
configuration siagnificantly cnaneses the IMP emus 
CHeErecleristics 7oT the circum. 

Second, tie waveguide fixture that surraunadas the 
faineLine device, changes ali of the impedances as 2 Tunetiom 
Of Frequency. 

Thitd, the uniaue microstrip to Gosexiel Ursets ieee 
weed in the Fin-line device does mot have 3&8 Counterpart in 


tie slotline magie-tee., Tne purpase of this transition is to 


lee 


mMBimntain 

microstrip 
Panne vin 

to transitior 


Im the corresp 


section 


point where the 


Finally, 


Fin-Line M3BeQi 
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reflections 
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L. + 
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bese ls, eel 


Leer. 


14 does meet 


Merl izing 2 


comcept, 


mo 
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3 > 


OC Cena De ee eS 


1 teyceeenh sl 


Mumtaz-ul-Had 


amount of the 


Pimms 


psrellel 


Somcrolled ny 


am snortairne 


Mas snort ref 


fie Lime 


mie Tins snd kk. 


a fairly wide bandwidth at the point 


passes throueh 


of microstrip maintains a comstant width 


Spy 6 


where tne 


the wavequide wall. 


» the slotline hybrid uses 32 tapered section 


ie 


1 from t Mair loop to the coupled slot sres, 


ondine portion of the fine-line magic-tee, each 


no to FIG 


two sections join. 


SlieOotetne wends in the slots of tine 


c-tee are computer designed to keep incigentsl 


low ss possible. 


fot oO eet eR OO Oe Pee a ON tee Ot mes ce ce oe mew ete has peepee re Seton mee Oo RE aE ee 


stem described by Syrieos, Crossland ana Van 


2 
? 


is mot related to tnis tnesis at Bll. However, 


Pati esot bine On J GeRiVvVes of this work is 


totelly different mesian end manufecburine 


BOF 8 COTM 6 OOO OES CH DE EE ESS SSDS OHO me OHS mm Be 6 DD Eis OO eee ETT Oe 


m-Llina horn sgntennse was perfected tbe LUD 


CRef. Sid. Haq discovered that a substantial 


electric fiela can te Launched between Loe 


» TNLS undesirable effect can he successfulls 


Making the norm fins nslP of & wavelanatin wide 


tine exposed edees togatner with copper tape, 


Lecets another short tine edees of the 


oi i) 5 


The reflected short seals tne Gap netweer 


eeps the electric field in the slots. 
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The parallel slots leading to ports one and two 
(Fig. 1) ere separated by 3 quarter wavelength. Each slot 
appears 385 am open to the other slot, reflecting hack ~a 
short @ quarter of &@ wavelength away. The reflected short 
seals off the two slots, thereby preventing inadvertent 
coupling. This concept is 8@ direct result of the applied 
research performed by Haq E~Ref. Sd. 
Cee (PURPOSE 

The first objective of this work is to desien, Duala ane 
gsuceessffully test 2 fin-Lline magie-tee ot LO-GHZ. This 
ricludes the desien and construction of 8&8 Suitable fixture 
to nolad tne magic-tee, The final magie-tee 15 Voie 
imteagrated with two fin-line hornm antennas CRef. SI, to fore 
&2 two Gdinensional Pain-line monopulse susten Conlsy one 
difference chanmmeld. 

The second objective 16 Lo promuce reasonsedle sum sane 
Gifference agntannae patterns from the cambined one piece 
wots This integrated umit 165 intended to be the prototype 
OF 2g mMillineter-wsve Pin-line monopulse system that nas notn 
azinuty and elevation difference channels. 

The third amd most important obyeetive 16 to Computer iize 
Lone daesilen procedure. This will insure thie ability toa 
aceauretelsy and quirekly reproduce tinese devices ab @ Tuture 
HBLe 

The fingl obyective of this researeh is to recommenda 


POSsSsiTole wmprovements for the fin-Line maegie-tee and 
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fin-line monopulse system. Specific recommendations for 
expandima the finm-Line monopulse system into 8 three channel 
(sum channel, azimuth channel and elevation chennel) 


monopulse system are required. 


ee 


Tf, THEORETICAL PRINCTPLES 


The design of the fin-line magic-tee and monopulse 
sygtbem 16 based on established microwave principles. These 
tiearetical concepts are Haiscussed im this chapter. 

MA. WAVEGUIDE MAGTC-TEE 

The theoreticsel properties of sa waveguide i130 desree 
nybrid ere ~t~llustrated im Figures 2 amd 3. Am input 2h eee 
one of the four ports i6 equalls divided with half af tne 
Power coupling tmto two orthogonal ports. In phese siranals 
36 ports one and two combine im the H-plsane area and cancel 
wm otine E-plane arm. Out of phase inputs at ports one emda two 
Produce tne opposite results. There is complete re05oletion 
Hbebween ports one end two and between ports toree ama Tour. 
The reverse of these comoditiones 16 elso true. The 160 cdearee 


phase shift depicted in Fieure 3 cam occur im @either S23 ang 


Woe eS “SNOWhia> OF Un ols or Sa ieee. On. LSU i ae 
E> MONORULGSE ANTENNAS 

Tne typie sl monopulse redder antenna contains Pour 
Laenctviread antennas elements. whien are antercannecternd within 
Loree or MATE MeaLre-Lees, The sienals to ana from tne Four 
Clements ere aaded and subtracted nm various combine tiens bo 
PPOMUoOe Three sestem ports, 

AL) four of the antennas are summMed together in phase Lo 


Kee 
| 


produce the gum channel, This sienel 18s connectean ome 


redar vie a VrkR ¢€[ransmn1 t/Rheeealve eevee 


The two difference channels are the radar’s source of 
target tracking imformation. The elevation port produces Line 
difference between thie upper and lower antennas while tne 
azimuth port produces the aifference between tine lath ene 
riant antennas. If & monopulse antenna S4¥gtem 15 potmbime 
exect1ly et 8 target, tnere will be & strone sianel om tine 
gud channel and wgbsolutely mo sienal im either the elevation 
or B2zinuth channels. Tne mull in the difference cnennels 14 
Line result of shifting two tidenticael s1anels 180 deorees 
from eaeech otiner and tinen eadine them btLoevether. The pinase 
Shnift and edacdation oceur within the mae e-tees. 

Tne radar return from & target that 16 slianhtlsy left of 
the monopulse entenma’s @xtended cantar line reaches toa 
Left elements of tne antenna before it re#zecnes tie trent 
@lements. This produces a sliaht pnase shift due Lo tine 
Ai.fference im arrival times eh the lett and right eleneants . 
Complete cancellation does mot orcur in tne mitterence 
ensmnmel witn this confiauration. Tne resulting aifference 
SLaQnael ~wneresses in amplitude and senifts im pnsse e¢ Line 
Lereet ee@ts farther away from the antennas e@xtended center 
RP fears 15 eleo @ 180 ctearee phase shift in the 
OHLtference channel es e& target crasses tne antenna’s 
extended center line ECRef. 7t pp. 10-29). 
ee Tine mull im tine cifference port can onky eceur 


Wihbr exeet bat 2a t/Jamntenns 3] QmmMenmts 1b sranifrres t Ne exsgotk 


center of both the sum and difference antenna patterns. 
Therefore, 2@ target that produces 3 strong returm im tne sum 
cnannmel and mo return in one of the difference channels is 
om @ plane that bisects the two antenmas which develop thie 
aifferemce signel, When this information 16 comoined with 
range data, tine target’s location is limited to an ere on 
tne plane that bisects tne two halves of the antennse. The 
Point where the elevation and szimuth ares cross is directly 
in fromt of tne antenna. Tne line pnetween the monopulse 
anteanns and tnis point 15 commonly referred to as tire 
boresiaht of the antenns. 

Tf the outputs of the difference channels are monitored 
wolle og tareet 165 within the main heam of the sum pattern. 
tne target e3nm be elassified a5 exactly centered. 3 little 
left or right, a little high or low, ar any comhinst 7 oie 
LHe SE seer 

SleOt rite. Gibbee ies pp,lO-287 deafines an aemplitudce 
CuoMaperison monopulse system os one that compares tne 
aaplibtude of the difference channel with the amplituce of 
tne Sum cnennmel., This information 16 used to determine naw 
fer & target 16 away from tne aentenna’s boresiant., The pnace 
ey Sect ©) wt Hae eae Me Oy a Hor rerence eee 13 used to daternine 
Wiech side of haresient the tareet is on. 

This teenni4gqwe wes imitrislly called simultaneous Labimeg 
sinee@ 811 of the radiation lones are sampled durine e&en ann 


every pulse. Tne ability to obtein & complete tracking 


solution in only one pulse led to the current desiaqnation of 
monopulse CRef. 7? ep. L071. 

Earlier tracking radars such 8S conical scanning and 
lobe switching systems required mumerous radar returns to 
Obtain the same information. The accuracy of these systems 
is often degraded by pulse to pulse amplitude variations. 
Monopulse radars, which ere free of this distortion, nave 
gaohieved tracking accuracies of 0.003 degrees EkRef. 73 ee 
LO]. 

Two popular forms of Samplitude comparison monopulse 
antennas are tllustrated in Figures 4 and S. 

Ce THEORETICAL ANTENNA PATTERNS 

The far field effect an antennae has on tne environweant 
16 @ direct result of the current distribution across tne 
face of the antenna end can he represented mathematicalis 
Witin &s specislized Fourier Transform (Ref. 8: pp. 345-369 
and Ref. 9% pp. 170-1950. This technique is used to develop 
computer Gimulations of actual sum and difference patberrs. 
Tne S$inuleseted patterns are used to illustrate the 
Lheoreticsl properties of 3 mMonopulse system, 

fhe first step im predicting & theoretical monopulse 
antenna pattern 16 to obtain tne element pattern ths btakine 
tne Fourier Transform of the current distribution acrass tine 
fece of one of the elements. Tne second step is to deternina 
Lne erray or group pattern by taking the Fourier Transfarm 


Siete eMmbire arrsy, assumime thet each antenna elemant is s 


delta fumetion., Tine finel step is to multiply the element 
pattern with the array pattern. 

An gectuasl E-plane antenna pattern from one of tie 
fin-Line horns af Reference 5 is closely simulsted by adding 
204 of @ sintxd/s* pattern, to B8O0A af sin) 7s Scie 
pattern CFig. 6). This Simulation is used a5 the predicted 
element pattern. 

Tne group pattern 16 obteined bse taking the triviel 
Lransformation of two delta functions. Tnis results in 3 
cosine funetion for the sum pattern and e sine fTunetian for 
Line difference pattern. These theoretical @group patterns 
With an Glement spacing of one wavelenatn are tllustraten iit 
Figures / and 8, 

Tne multiplication of tne Simulated element ana Qraup 
pattern 16 done in & short Basic program on an Fr = yee 
Computer. The theoretical sum and difference petterns 
caomaputed an tonis proearemn are shown in Figures Y ana IIo, 
regpectivels. 

Das SOME CRRA C dl rele. S ies 

Slotline consists of @ narrow slot im &@ toin plaevuiiouee 
Metal foil adneren to one side of &@ thin lever oF 
mLele@ectric. The other side of the supporting substrate 16 
VOLG OF Metal. The electric field 15 Qquided hetween tyne 
eciees of tine slot. The impedance of tne slot is directly 


Proportional to the width of the slot. A detailen snelysis 


<Q 


of slotline properties i165 presented by Gupte, Garg anc Banl 
Ieehe. 10, pre L9S-2237, 
BE. FIN-LINE CHARACTERISTICS 

Tne bilsteral fin-line illustrated in Figure lil nas one 
mereiant slot om each side of the dielectric. The fin-line 
maeaqic-tee wses 3 Similser, but more complex configuration 
whieh has two slots on each side of tne dielectric. The 
slots in the maeie-tee have & mixture of Straiant. angled 
and curved sections which join together in @ 1380 Aearese hen 
(Fig, 1). Both of these desiens are formed by suspending 
Mier, Simem SlotlLineg in tne E~plane of a@ section of 
WEVEQUiCe. AS sucM, they are essentially snielded slotline. 
as is the case with slotline, the impedance of Paim-line is 
agirectily proportional to the width of the slot. Tine deberlen 
properties of fin-Lline ere Gisecussed be Shareans anc Hoerer 
Meet. Li: pp, BS50-355 1 anc Merer CRKef. 123 itoae ae eeepc I ele ol. 4 


fees NM ANY ODD MODES TIN COURLED SLOTS 
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Two iqentical anda parsllel slots im either slotline or 
Meo hime ere considered coupled if the impedance ane 
Meee ies! lemethn of one slot 1s effected by the proximites 


Or thie atner slot. Coupled slats are tne key to tie 


Gperation of botn the slotline magie-tee Ggiseussged ar 


Peer eice 4 ann tne fin-line maeic-tee cevelopead in this 


BlemeNcei ses ace << 00 
pies 1S. 


morn gr Kuchler LRef, 133 Pome ery | eh ree (Ound 


Mommie e MmOones im coupled slots! even or ond. The even mode 


Peewee Wem tie electric fields within the two slots are in 
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Phese with each other; whereas, the odd mode exists when tne 
two electric fields sere out of phase with each other. 

In the even mode, the megenervic fields whien surround 
escn slot couple together smoothly to form one combtiruous 
magnetic field. In this configuration, the fields g10 each 
other and produce 3g coupled impedance which 15 lower then 
the wnco.pled impedance CRef. 103 p. 352]. 

as the slots are brought closer toeetner, tne coupline 
Lmereases. This effect causes tine even mode impedance to 
decrease. In the limit when the separation hetween the slots 
vanishes, e8en slot has half of the impedance af the mew 
slot wnoien i165 twice 85 Wide 35 each of the orieinal slats, 
At tine otner Limit whem the distance between the slots is 
rofirnite, each slot retains its uncoupled cheracteristics 
ERet. SU Beak Soc 

In tne odd mote, the magnetic fields oppose each otner 
amd do mot join together smoothly. Because of this 
QOPPOsLbion,s tne oad mode impedance 16 Higher than tie 
uNcaQupled impedance. AS the two slots sre brouesht closer 
bLogetner, the opposition between the two maenetic fields ane 
bLne oad mode impedance increase LRef.,. L103 05 Sele 

Im tne Limit, when the separation between tine slots 
vanishes, there 15 complete opposition between two eausl and 
OPPas Tbe meenetic fields. Tm this condition. tie ocd mode 
Lapedance of each slot 15 exectly twice the uncoupled 


impedance of one of the originsl slots CRef. 10:3 ee erat) | 


, 
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The electrical lenath of coupled slots is longer than 
the uncoupled Leneth in the even mode and shorter than the 
uncoupled Llenmeth in the odd mode. These differences hecone 
lareer @6 the two slots are brought closer togetner CRet, 
Mepis Gtsostol. 

Pe MICKOUSTERIF CHARACTERISTICS 

The Microstrip that is used im tinis tnesis 15 composed 
of & marrow center conmcductar with dielectric materiel aria & 
around plane om botm sides. If the two ground pléenes sre 
hamt earound thie center conductor until tines Louens, at will 
resemmle coamial cable. This dual sided microstrip, defined 
3G ‘'triplaete line" by Reference 6, and coaxial cable both 
Operate ain tne TEM mode [Ref., 63 pp. 86-61]. 

Pee LCKOSTRIF TO SLOTLINE TRANSITIONS 

A simple and effective transition from slotline ta 
Microstrip 16 presented by Knorr CRef. Lt: Bo beer eee el eee BIES Lc | 
With thas technique sm open lenath of microstrip on one side 
Of 2 section of dielectric overleps s shorted slot on tine 
meer Side of the same substrate et a 90 degree aneale. The 
eee om OF tne slot threat extends past the microstrip. ane 
tne portion of the microstrip that extends past tine slok sre 
exactly one auarter of 38s wavelenath lone. AL trie Gumebtion 
there 16 @ reflected short im the microstrip and a reflectern 
Peet tm tne slot. THis procedure is used im both the 


FineLing meqic-tee and the fim-Lline monopulse sustam. 
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With thin substrates and Nigh dielectric comsteants.,. the 
Power transfer through this type of trensition 1s close To 
L131 CRef. 14: pp. 548-553]. The fim-line magic-tee and tie 


finm-lLline monopulse system developed im this thesis sre made 


from Epsilsm~-10 which is 0.025 inches thick and has @ 
gGieleetric constant of 10.2, Tne return loss ia eee eee 
transitions 16 Minimal, 
tT. JMFPEDANCE MATCHING 


GS quarter wave length impedance matching techmidque i¢ 


tet 


weed im the fin-Line maeaiec-tee.,. This procedure joins Ta 
slots of wnedaquasl impedances together with & dGIuertlear wave 
lLenatn maeteninge seetionm. The inpedance of the center 
Matenine slob ie equal to the square root of the promuct of 
Lie tuo orieinal impedances, 

Lf tine orieinal impedances are called Za and Zh, amd tone 
Mabe section is callen @o, tne réeletionshbip bnecames Zo 
equsile tne square raot of Za times Zh, 

This TeLlLetLionenip 6 eaesils visualized om & noremelixed 
omitm Chart. Zo 16 tie center of tne chart end 2a 
SaOMewnere to tne left of center om the real Jaime. Travelins 
& anarter of 8 wave lenati throuen the matenimea seetian art 
Lapaeagmance £0 16 represented om the Smith Chart by a nelft 
circle of réedius Za, which ts centered at 20. [he Giri 
tLnis nelf cirele will be on tine real line ta Lint iti 
£0. Df tie sleehbraic relationship discussed shove 16 


MHelmtsLtmed, this point’ will be Zh, 


a 





The proof of this relationship is bhased om the fact that 
ali of the points on the left half of the real Line of 2 
Smith Chart are the reciprocals of the equal Gistance points 
om the right side of the real line. Therefore, es lone as ZB 
ama Zh are om different sides of the real line and aqual 
distance From the center, their product is unity. Since the 
center of 3 normalized Smith Chart is Zo whieh has 3 value 
of 1.0. the agleehraic relationship discussed ahove produces 


& perfect impedance maton. 
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TIT. FIN-LINE MAGIC-TEE 


The fin-line magie-tee 1s designed to mate with two 
fin-lLine horms from Reference 3S to form a fin-line monopulse 
antenna. Ta provide 38 smooth transition hetween the 
MBQic-tee and the norns, &@ bilseteral fim-line maegic-tees 
enclosed im &@ waveguide Pixture ts developed. Tne dielectric 
16 Epsitlam-1l0 whnien has @ thickness of 0.025 inches end & 
ALGlechrre Constante at 21027. 
fis ENGINEERING AFFROXIMATIONS 

Four Major engineering approximations are used im tine 
Haglan of the magie-tee. These spproximations greatly 
Facilitate tne desien process without introducinse 
SLanificant ~amaceurserles, . 

Ll» Ferallel Circuit Approximnetiucn 

An extensive searen of tie eurrent Literature rerlea 
to turn we desian data for 38 complex fin-line structure Vee 
coupled bilateral fim-Line slots at a dielectric consten vee 
10.2. Therefore, the bilateral fin-line is moteledrt es two 
identical unilateral Cone sided) circuits in parsllel. 

Sherma and Hoefer CRef. L138 pp. 350-355] compara 
Lie properties of bilateral faun-line and unilateral fan-line 
Wit atelectric constants of 2.22 and 3.f). An 80 ohn. eee 
inen thick section of hilsaterael fFin-lLine Nas G77 epee 


LMpedance of 3 Simileser section of 0.025 1c ree 


So 
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fat loawerslmimceline., Bnaenmaing tae dielectric constant to 3.0 
drops the ratio to SSA. The same comparison with 0.025 imen 
thick, 200 ohm unilateral fin-line produces an 84% ratio st 
@ dielectric constant of 2.22 and a@ 734 ratio witn the 3.0 
dielectric constant, 

At eae dielectric conmstant of 10.2, the low impedance 
slots should closely fit tne parallel circuit model. There 
may he @ slight error for the largest unilateral impegcance 
im the fin-line magie-tee, which 16 200 ofms. However, timis 
error showld be minimal. 

e, Fixtures Effect on Impedance 

wenler CRef. LS? p. 1037 compared the impedances 
OF snieloaed and unsnielded slotline with 38 dielectric 
Seiistamt OF £0. Eetween L0- and L2-GHEZ for 3 sielectric 
tLnickmess of 0.050 inenes;, tine shielded ana unsnielmaec 
impedances sre Bglmost indenticel. The inpedance of tra 
smielded slot 15s comstant to 6 -GHZ. The impedance of tine 
unshielded slot 16 a@pproximately LOX lower et S&-CHz than it 
16 at 12-GCHZ, 

The guarter wavelength impedance matching technique 
Gigcussegh im iCihspter Two is tne only type or impedence 
M#tching wsed in the fin-line meeic-tee. This techniaue’s 
Simple alegebric relationship will factor out any uniform 
change in impedance. Therefore, the fixture shoula mot 
effect the impedance matching between the slots. There may 


he S$ Slight mismatch between the slots and the microstrip 


leads, hut this mismatcn should be minimal CRef. 1353 Ps 
PO 

Rased on the first two engineering approximations, 
all of the impedances im the fimn-line magic-tee sare 
calculated as slotline impedances with 32 dielectric 
thickness of 0.025 imches. All of tne slotline inpedsances 
are exBeatls twice the agesired bilateral fin-line impedances. 

3+ Length of the Coupled Slots 

Tne electrical length of coupled slots is mifferent 
im tne even and odd modes CURef. 13:3 op. 341-547 1] Se 
actual lemath af the coupled slots in the slotline magic-tee 
TRetm.s 43 p. S27] 196 the average of tie even end oo mode 
quarter wavelengths. 

Rmorr amd Kuchler CRef. 133 pp. 344%, S43) Gieapaee 
Lone even and odd mode wavelenaths for dielectric constants 
of 11,0 end 16.0. On hoth of these graphs, tie s#veracge ar 
Loe even and odd mode wavelengths is PFA of the uneoupled 
electrical lengatin. This percentage holds for 8&8 very wide 
range of slot separation cgistences, meludine tie separation 
Lonat is used in the faine-Line megic-tee. 

Tne leneth of the coupled slots ain the fFin-LlLinea 
Moag1e- Lee 16 desireaned to he 972% of the value of 8 Similar 
Sseaebtion of uncoupled slotline. 

%o Dielectric Termination within tne Fixture 


Due to tie comple: 


er 


QeQaamMmetry of the fin-l vie 


Meqiae-tee Crie. 11> the conventionsel configuration Tori 
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bilateral fin-line shown im Figure Li is mot feasible. The 
fine-Lline magic-tee uses 3a 0-02 ineh groove in the fixture 
W3jlil to support the dielectric, ane groove shorts ane 
electrically seals the edges of the fins. 
BE. EQUIVALENT CIRCUIT 
The fin-line magic -tee 16 Similer to two slotline 
MsQgic-tees placed back to back and mounted in & waveauida 
Pere CNET. te PR. S23-G27 ). The eaquivelent errenuit for 
the fain-Line maaqic-tee 16 similar to the cirewit snown for 
the slotline magic-tee om pace S25 of Reference 4. The 
Fin-line device 195 represented by two of tnese cirewits 
Gonmmected aim parallel. The fin-Line version i186 sSurrounmecd ine 
ga shield. 
1. Theoretical Operation 

Am @egebual Lel seale drawing af tne TinelLare 
Mee.e-tee 16 allustrated am Fieure tL. With the exception of 
port tinree, the entire magic tee 15 symmetric eho , t ef BxMLS 
that extends tarrouwan the center of the port four microstrip 
line. The theoretical operation of the faneline maegic-bLee 14 
idMenbicel to tne operation of tone slotline maeoic-tee LRer,. 
oe PR, S25-O27 |. 

fie reterostrTs tesas trom @ll four ports use tie 
Mecrostrip to slot transition technique discussed in Chapter 
moe 1ine snark in tine Lloup caused by thre port four 
microstrip effectively isolates ports ome and two. Forts 


threes and four are isolated from each other by the 34% of 


sists 
we 


wavelangtn distance between the short im tne loop and the 
short caused by the port three microstrip. 

Two siQanels tnat Seen the coupled slots in the even 
mode will couple imto port tinree. There will be & sligint 
pnese snift between the two sianals im the port three 
microstrip Line. This error 15 innerent im the desian of tine 
Hevice and can only ne mininized by keeping tne slot 
separation as small as possible. The even mode sianals 
cancel 3t port four due ta the loop geometry. 

Two Slenals that enter the coupled slots im tne odd 
MOde will be out of pnase at port three but wild couple ain 
31426@ at port four. Tne theoretical operat1 onan 
fineline magi ie-tee 16 idenmticsl to the scattering matrix Tor 
LN@ WeVeQULGe mMagie-btee (Fig. 3). 

a+ Jneoretical Impecenenr  iseiamhe 

Tne unilateral impedances im tne fan -lLine mesgie-tee 
are 200 onms im tne loop, LOU onms im the er Ots thinaet conmmect 
bo ports one end two, and 70.7 ohms and 141.% onws 1 ore 
even amd ood mode im the coupled slots, respectively. These 
reduce to pnilsateral impedances of 100 ohms, 30 ahmse, Goe* 
onmas and 70.7 omms, respectively, These bilateral values are 


imentiesal to the impedances listed for tine cage three" 
Slotline maegie-tee [kKet. 43 Pe U7]. A detailed diseussior 
oF tne theoretical impedance metening im tne sloatiine 
MQ lertlee 15 presentent bu Aikawa end Ogawa CRetf. 4: (jon 


wd ee tl ge 
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There ere four bhasic relationships that reauire 
impedance matching within the magic-tee. The paths from part. 
tnree to ports one and two and from port four to ports one 
ana two must fhe matched im the even amd odd modes. Im ell of 
tLhrese cases the coupled slots act 35 8&8 quarter wavelengtn 
matehbing section. The impedance matehine prohlem ertner 
reduces to three series impedances of 100, 70.7 and SO ohms. 
or SO, 35.4 and 25 onms. Dn ell cases, the impedance of the 
caupled slots i116 tine square root af the other tua 
LMP ECISMOES « 
fee OL.OT TMFEDANCE AND ELECTRICAL LENGTH 

le Uncowp led olots 

Comm UCRet. 163 pe. 10927 eraphed slotline impedance 
and effective wavelenath for dielectric comstants of 9.4 ena 
11.0. Tine tate points om Figure 12 and 1S sre extrapolated 
meorm CONnmM & araphns for 2 dielectric constant of 10, 2a 
WL@leetbreie thiekness of 0.025 ianmehes and 3e freauencs of 
LO-GHe. ALL of the slot widths and electricsl lenatings im the 
Ffin-Lline magie-tee ere derived from this informations 


evs Coupled Slots 
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AS discussed im Cnospter Two, the odd) Mode iapedgsnics 
meecoupled slots with mo separstion is @avel to twice their 
Wneaup led impedance. Their even mode impedance with ma 
Se@parestian is ane nalf of the uncoupled impedance of the rea 
wetver Slat CRef., 163 2 pipes ee pe a er 
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fnorr and Kuchler CKef. 13: pp. S44, S45) Grepine 
Line even and o80 mode impedances of coupled slots for 
dielectric constants of 11 and 16. A normalized version of 
Lhis informsetion 165 plotted in Figure 14 for s&s dieleciiaa 
thickness of 0.025 inches and 38 frequency of 10-GHZ, 

The mormalizetion im Figure 14 16 non-standard, The 
MOrMBLAZING impedance i165 the slot impedance for S$/D slot 
separation/sdrelectric thickmess) approeening infinits. Tne 
Mininunm velue of z2ere 16 e@eduivslent to tne even mode 
LAPeasnece with mo slot separation. Thies correlates to naif 
Of bLnhe uneoupled impedance of @ slot that is twice 8&8 Wide 
eo Lne oriedimal slots, The center value of 1.0 represents an 
oifanibe slot seperation, Tnis 15 @aurivaealent to bine 
weicGup led iapedance ofr even slot. The méximum velue of 2. fl 
16 tne same 865 toe ond monte impedances with mera slot 
seperabions, This carresponas bo twice tine inpedance af tine 
wpe anip Lec lake. 

Tne wiath of tine coupled slats and bine sesearabian 
Metween Foe coupled slobe are determined ty trial ana errar. 
Purdie: tLAlLs process impedances: from Fieure LZ 3re sssianend 
Lo the morsaéeglized values of zero. 1.0 snd 2.0 sna 
Piaure L4, Tne curve for a@ dielectric constant oT Pie 
WSGa am tnis procedure. Baseci om the comparison netween the 
ourves For dielectric constants of 11.6 end 15.0 (CP ice 
Little error will be induced ts tiis spreroximation, 

First, am arbitrare value for Che Wie oe 


oe “se oe oe seat oy oe os oe an oe o 4. . oo. oo oe ky . or 4 : gee . =? . ofe . . . a oe e . *s oe aoe sen o- oe 
Lepedsance 16 chasene To tllusttete tnis precen ieee 





Mette Velle ger L090 ohms 16 used for the uncoupled 
impedance. The normalized impedance of 1.0 (Fig. 14) 16 
aseslened tinis value C100 ohms). The mormalized impedence 
Value of 2.0 (Fig. 14) 165 set eaual to twice this value ¢200 
QOMMS > + 

Secomad, the slot width (0.43840 millimeters) for this 
aphbitrars impecance (C100 ofms) 6 obtained from the 0,435 
Mililineter curve im Figure 12. The impedance C1l3s2.2 ohms? of 
@ ¢lob twice this wide (00,8680 millimeters? is also 
geleculated from Figure 12. The mormalicszed impedance of 2ero 
(Fig. 14) 16 set equal ta nalf of this value (446.15 ohms). 

Third, tne impedances im Fiegure 14 are mow soa lec 
meres HLELectrie conetent of 10. The lower portion of the 
araeph th linear fran 64-615 onms Cnormalized value af wero? 
to 100.0 ofms Cnormalized value of 1.03. The upper portion 
Poeerinear from 100.0 ohms Cnormelized value of 1.0) to 200.10 
Qhnas Cnorehealized value of 2.0). On this scaled version of 
Figure 4, an 5/0 15 picked that corresponds to am odd wmode 
impeda@noce of 141.4 ofms. If the correct value is selected 
for the uncoupled impedance (Cstep one, the even mace 
Mbedance will be the required 70.7 ohas. Im this example. 
tne mnorasglixzed odd mode impedance of 1.414 corresponds to an 
2/D of 0.5413 and &@ normalized even mode impedance of 0.41744 
Meecas 11%). 116 equates to an setusel even mode impedance of 


‘oO OMMs . 
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Fourtn, this process 15 repeated umtil the scaled 
version of Figure 14 produces an odd mode impedance of 141.4 
onas and an even mode impedance of 70.7 ohms for the sane 
S/D. There is onmly one uncoupled impedance (Fig. 12) end one 
S/D CFiae 14) that produce this relationship for eacge 
specific Gaielectric constant. 

For Epgtilam-10, the uncoupled impedance btinat matches 
this eriteria is 92.3 ohms. The actiuial slot widtn is "Ue 
imches (0.3401 miliimeters). Tne correct S/D 16 0.4167 2 ee 
moreaaelized impedances are 0.3383 for the even monde and 
15,5320 for the ocd mode. The actual aistaence between tie 
Slots 18 U.0105 wmenes (0.26597 m1] Pimeterae 

Tine last step is to determine the slot wavelenatn 
Trom the 0.635 miilimneter curve in Figure 13. (ne pre 
Vedue for em S/D of O.4187 16 0,35132 times tie Tree space 
WHeVelLeEnatMm CrFi1eg. 3). AS discussed im the engineering 


SPProXxLmsbtions section, P7A af 8&8 quarter wavelensth 15 Use 


far tine Llenatn af the coupled slots. This value is 0.14/71 
LPR es sa aie bie a 
ALL of these calculations are none am two T OMe 

Livee Foot computer generated replicas of Figures 12s is ae 
Lt. The values are picked of f of tinese large tcnerts haa 
Malipers. 
I) . FIALIURE- DESAGN AND aSSRiit la 

The fixture for tne maagic-tee 16 Ween to Meee 


fine Ling wonagpulee sust@nm. A Lidl seale arawing af tre 


orieinal version of the tixture is tlluestrseten in FP ienpeeee 
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The fixture is constructed from WR-90 copper wavequide,. 
The two mirror imseee halves have 0.020 inch deep and 0.025 
imceh wide grooves im all three of the edees of the joinmimne 
SEM. 

The two sections of dielectric are placed into tnese 
grooves. Then the microstrip launchers for ports tnree anc 
four are set imto place and soldered to the microstrip 
lLesds,. Only one of the mirror image sections of dielectric 
1s atenhned with microstrip. The otmer piece 156 voila oF mebel 
Or tne Lisilae. 

after the two launcners are soldered in place, tine 
fixture is bolted together. At this point, the Launehers far 
ports one ana two ere attached, 

Tne originel desien used OSM 2070-3029-02 Launchers far 
aliofour ports. With this cgesien, the léeuncners are nella in 
Place by tie fixture wherr it 16 bolted togetiner. Tre 
Lguneher 16 mot screwed into the fixture, This #rraeancemernt 
HOes mot provide 3 satisfsectory electrical contect netuesanri 
tine fTaxhure and the launchers. 

ie Tle lore wee Modified to scceept DSM 2ZOSf-L65a8-0% tuo 
mole flenee mount jacks. The flanee mounted ijiarks are 
fee oieh to tne fixture with small secreus.,. This 
Cont Leguration provides good electrical continuity between 
tne fixture and the conmector, 

Ee FIN-LUNE MAGIC-TEE DESIGN 
i DLO ed Side 
i einer tine Loar is @/4 of 6@ wavelength from 


Pee part Lnree microstrip to the port four microstri mo Tne 


Width of the loop slot and the separation between the two 
helves of the loop are oaperator adjustable variables. The 
computer proaram CAppendix A) calculates the Length of the 
portions of the loop, and adjusts the leneth of the straiaht 
section in the loop to keep tine overall lenath equal to 3/74 
of a wavelength. 

Tne top and bottom leneths af tne caupled slots are 
vastly different. The calculated quarter wave lenath is 
equal to the average of these two Lengths, 

All of tne tbemcds ain tne slots are constructed in tine 
Sane Marner. A Line extending throuenh @& henna fram corner to 
corner will bisect the angele of the bend. Tm this manner. 
tne corners im @ 20 degree bend are offset from @acn otner 
mys 45 geareea, Tm e 45 dearee bend, the offset anele i6 22.5 
Heareag. This 8rraneement ansures that the slotwuidtn ain the 
Herma Ls et leasb a@s wide as the slots that lead into tie 
Deri ¢ 

ALL of these réeleatianships ere caeloulated be tine 
SoMmpuber program whieh draws tne maeqgic-Lee, 

Tine slots that lead to ports one @na two are apace 
Wide spart for tne Tirst two msagic-tees and clasely toaetner 
For the third meggie-tee end for tne Tin-line monte 
Su tem, Tn maqrie-tees one smd two, the slots are 0.01 an])enes 
from the ecge afr tne Tixbure, 

tn the thita maeeie-tea and the finc-line monopulse 


gSsugrems, tne agistance fTrom the slots to tne fixture eroonve 16 
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twice as lLaree 8s the distance hetween the slots. At 
ee. 4~-CHZ tiese distances are one mnalf and ane quarter of 32 
Wavelength, respectively. The half waveleneth short amd tie 
quarter wave Leneth open effectively seal the edges af the 
fins within the slot. 

2 Microstrip side 

The widths of the microstrip lines are taken from 
Sgead’s microstrip impedance graph CRef. 173 Do ieee « 

The transitions from mMicrastrip to cosxieal cable ere 
wuomigque, The metel foil on the slotline side of tie 
dielectric gets a5 the ground plene for the microstrip, Near 
Lne conmmectors, this around plene i196 parted ian 6 "V" shepe 
(Fie. Ld. AL the same time the width of tne microstrip is 
flared 6st &@ Lesser angele, The flere in tine mierostrip is 
aaiusted to maeimtein 6 SU om impedance ab every point im 
tine lime, 

Were 9aOven af tne @er@und plane is flered eat a 45 
Hearee angle im esen direction. The totel anele of the mobeh 
Pee wWegmecs, The maximum width of the noteh occurs at the 
imsiqge edoe of the fixture, At this point, the width af tine 
motveh exactly matehes the dismeter of the hole ain tie 
meets Wall, which exectly matches the outside chismeter of 
tne cielectric within the flansed launcher, 

The Meeie-tee dielectric extends through the nole ir 
tne fisture gna touches the launener’s dielectric. Haith this 


2lianment, toe inside wall of the shield on the coaxial 


ceble transitions smoothly through tne launcher to the edee 
af the ground plane motch. 

This microstrip to coaxial caenle trans 1 tae 
Minimizes physicel discontinuities that could cause 
imductive or capacitive resctances Chef. 18: pp. 935]. This 
Leck of resetance maximizes the bandwidth tirouagh thre 
fixture wall, 
ar MANUFACTURING FROCESS 

a 61Mple form of computer B1deo MEeESLEen Ls adepterd far 
Lnis project. A BASIC Computer Froogram, written am 7a 
SS4S5E computer Cwith an HE Graphics ROM). contrals Zr 
93720 Flotter. The plotter draws the outline 7 eee 
MsGie-tee four times tne actual size (431 scaled. The 
Ounbtline is filled in tbs hand, wsine black marking persia 
completed drawing 16 pnotoorapniecsalls reduced, 

The megatives, whien sre exactly lil seale, are used a 
atching masks. Tine nmeeative for tne slot side and the 
neQetlive Tor Tie MLEFOStrip Sine ey esr ope mesure OP POs Tbe Sa 
oF @& Sersp section of ALtreleéctric. The aliannent between 
Lnese two meeatives 164 done om # Lliaht teble. Tine pnase 
Gifrerence eb port four, between SLanals that originate at 
parts one amd twa can be altered be poor slionment. 

The section of dielectric that is to be etehed i6¢ placed 
Nebtweearm the two meVatives curing the etohing proeess. Tine 


comp tetecd etcnine 16 hand cub end sanded to Pit bryert eae 


G. COMFUTER AIDED DESIGN 

A simplified version of CAD (Computer Aided Desien) is 
wsed to draw tne outline of the magic-tee and fin-Lline 
monopulse system CAppendix Ad. This process starts ty 
establishing am imaginary "X, YY" Cartesian Grid. Evers 
Silanificant point that defines the drawing 165 assigned tuo 
Sere Lines. One in the X-direction and one in tine 
fPrrectiaon. ie arid line latels start at Xa in tine 
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The origin of tne eriag 16 the point where the port tiree eric 
port four microstrip lines would intersect if extended. Tie 
G2.6etences between tie erid lines are defined bey variables, 
There 8re mumMerous points om most of the erid Lines. tut mn 
two points snare the same norizontel ana vertical Gorin Line, 

Rech point whien defines tie drawing te mumherenis 
StarbLing at one, anmGad Be8asiened its own wunianue coordinates. Tf 
Maa nt one lies om the antersection of Xe ana Yv, binem “1 as 
sab equal to Ac and Yo is equated with Yve. This procedure 116 
Tepeasted Tor every point that defines the Mraewimng, 

The swkwardness of tins spprowch 19 More than offset os 
moe hey aiventeoes. First, the proaram thst araus the 
M8Q.er-tlee Te very @38s64 to write, The command MOVE XL. V4. 
followed ty DRAW X2, Y2 draws a line from point one ta point 
TWO) » 


Tne second end perhaps most dramatic scivantage oocuwrs 


Peta Line velwue of one of the variables is chaneed. Onis one 
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Line im tne program has to he changed to adyust tne widtn of 
amy Slot. All of the erid lines tnat gre affected by this 
variable are automatically adjusted as the program 15 
axecutecd,. 

Onee the program 15 written, tnis approacn is faster 
tnan roughly sketening mew ideas hy hand. Accurate scalad 
ATawines snowing mumerous variations can he completed im a 
few minutes without the aid of 8s draftsman or expensive 
rer Ling COMmpuver. 

The COMpPULeEr program Bsdygusts the locations of tna 
mumbered points to compensate for helf of the thickness of 
tne line that tne plotter makes. There is also 28 few 
Varisble fumaege factors thet the operator can aessian to ern 
POLL in the proaram to seceount for anomalies intromucen ny 
Lone plotter, Each fanished drawing 15 measured ummder & 
Microscope. The variable tinatb edijuets for the width of tine 
pPlotter’s pem and tne fudee fectors ere adjusted at this 
Lames 

The Sane computer proeram arsws tine mMagion-;~tee. the 
Pinelane horns ana tne fin-Line monopulse system CAppernciits 
fo> The intersctive program asks the operstor 3 string af 
questions, These auestions inmedude: Rnieh drawing 16 bo me 
Made es Whicn side (slot or microstrip) is to be darawm?s sre 
Ce at a raveh arasft or smooth copy? The lines on the smoatn 
copy Lake consingerabily lLoneer to draw buh sre extrenels 


coe, 00g ve sipentcton ce ON oe sae penvecss pelea “4 
soouraste Cappemdinw A). 
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The program can add @ scaled three inen a one 
bottom of the drawing, This ruler 18 ugacd to check the 
acenracy of the photo reduction. The ruler was omlwe used on 
the first photography work order, The precision work. 
eaeceomplished by tine Navel Fosteraduate School Fhoto Lah is 
exemplary. 
fee KESULTS 

hy 9 ideas: EDLs 

AS discussed aghove, the orileinel fixture cesiem does 
mat provide sufficient electrical continuity netween tie 
Launchers amd the fTasxture,., The flanged jegoks, whicn stbeoh 
to the modified faxture with sereéws, solve this problem. 

The soldered joints im tne fixture ame spark an tuo 
OCCsSLGNSe Repair ts extremely diffieult due to the mest 
Gonducting properties of copper. The neat required to Pixs 4 
Seam 18 sufficient to loosen an adjacent joint. 

Dite LOGO the flexibility of Epsilan-10, the fixture 
foes NOL apply anougn PTESsur e to meke good e@lectricel 
ioect WLtnm tne port three and four microstrip. This 
promlen i156 solved bu soldering tine Launcher probes to Live 
Peer astrip. 

a, Magic-Tee Number One 

The Loop of this magic-tee tapers into the coup] ee 
Slot region. The second maegie-tLee coes not have this Leper. 


Peteer Loam bLiet, the first two maaic-tees are identical. 
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Tne first megic-tee was destroyed in testing. The 
soldered conmmection on port four ripped the microstrip off 
of the dielectric when the screws that attach the Llaunener 
to thie fixture were tientened, 

Frelimninary reflection checks on 38 scalar analyzer 
were performed prior to this daemage. The reflections for 
Lois maeagiec-tee ere slieahtils worse than tne similar 
reflections im the second magic~-tee. 

3. Msqic-Tee Number Two 

Tne slots tnat lead to ports one end two im tints 
MaeQLiGc-~tee ere 0.01 inenhes anside of the fauxture wall. Tne 
amtual seatberimng matrix for tnis device is alluetraeated in 
Figure 6. The reflections in this maagie-tee are aquite niah. 

The phase shifts are almost perfect, except for 
Sliant phase error associated with part four. Tints Te 
promeols caused Oy Leaproper eliocnment of tne two megativas 
prior to the etching process, 


4, Meoic-Tee Number Three 


Tne closeness of the port one and two slats to tie 
Paxture wall ain tine second Magic lee cCeusges on Rppasareant 
Giscantbanuwits where tne fPaixture terminates. These slots were 
SER well ianside tne fixture on the third meeaie-tee in Napes 
Of eEllMinatine tnis Bi scontinta ve. 

The getual scatterineg matrix for the third maegiec-Tee 


16 Shown im Fieure L?. Tnis meeie-tee elso Ness mesr peartrect 


phase shifts. However, the reflections are 3a little hieher 
than they were for magic-tee mumber two, 

The actual phase and magnitude from 8~- to 12-GHZ for 
each of the 16 points in magic-tee number three’s scattering 
Matrix are illustrated in graphical form in Figures 18 to 
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TVe EARS Te BOR Oe ee eel 
A». DESIGN 
The PFaine-line monopulee sustem 16 8 comnbinetion of 
Parmcrline® méeeie-tee mumber tnree end two of tie Pin-Lline 
horns geveloped by Hea in Reference SS. The horns ere oriven 
fran ports one ane two ar the magie-tee., The wictn of Lhe 
3 Lob in tne nares is tne same width as the maetehine slots aim 


nt 


Lie maare-bee., The mal? wave lanegtin geometry of the Pin-Line 
nmarn and PanclLine magre-tee are maintained in tne fin-Line 
MOMOPWL Se system (Fie. G4). The monopulse syeten 16 crew at, 
&# 23] scale, Tne HP -?9372C0 Flatter will mot 6c aie 
Larger or swe. 

All oF tne exposed enhoes of bine cieglechric. @kcept tiie 
acbugl marr oPpenines, are sealed with copper tape. ieee 
Prevents enerasy Pram leskine out of tine slots snd Ggeshiawiiis 
Lie snberrnms paotbberirms . 

The gistance between tine center of tne two norms 16 
S0.,44 millimeters, AL 10.35-GHZ. this cisteante 1 Gane ie 
1-05 wavelenabis in gir amd 3.34 wavelenotns im Eepsilam-Tae 
The anbennées wee botm &ir end carelectric Lo propavete tie 
qitenns pattern. Therefore, tore effective element spacing of 
Line Fine Line songpulse sexstem is between tie Limits of 1.0% 


srch 2224 weve leretetins see eee 











The E-plane pattern for 3@ sinele fin-line Norn with @ 
Pe leetric comsetent OF L0.2 16 tlilustrsted an Figure 6. The 
zesoaciated H-plene pattern i5 shown im Figure 3&3, Thea 
extreme width of the He-plene pattern 16 due to tine nigh 
Gielectric constant of 10.2. Similar horns conmstructed witn 
3 dielectric constant of 2.54, have nearly summetrical E- 
and He-plane patterns CRet., SI. The monopulse effect of this 
sugLenm 165 entirely in tne E-plane. Therefore, the wine 
He-plane element pattern will produce ea wide He-plene 
monopulse system pattern. 

Tne @esein of esch antenna is obtsined by comparing Lie 
aaplitude of the antenns pattern with the pattern from 38 
Standard aan Marre 
ore ME OUTS 

The ectuagel E- ana H-plane psetterns for tne manoepuless 
EWVsbear @re enawr dm FLQures B36 ema OF respectiveds. Tne asin 
feeetwie 2A psetternm 16 eieaht dE. Tnis is four dk above Lie 


element pattern. A three Ge impravement is @xpectand Fig, 


el i ae ri ths tin Lone Stim pattern (Fic, G4) are 
gpproxineteiy 29 ceqrees lafvt ana riaht of boresianmt. The 
Gelenent spscing im the computer simuleted sum pathern (Pia, 
Peels sdiusted until the first mulls oceur at plug ana 
HinWSs LF Gegrees., Tne corresponding simulated sifference 


-s 


Pettarn 25 shown in Figure SY, The effective @lement spanine 


tigt produces tiis metenh is 1.60 wavelenatings. 
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The difference port microstrip Was torment oO ee 
Sielectric during testing. This occurred after the paetterns 
im Figures 36 and 37 were taken. Tne damage was repaired iny 
soldering 8 smell section of copper foil across the tbreesk, 

Following this repair, the fin-Lline monopulse system was 
Lagsted, in an effort to find tine bottom of the difference 
rothi.s Fagqure 40 smows the results of tnis test. The recorder 
QSeginm 1S mMaexadeum, amd the erent ab sum pattern 16 saturated 
aQzinset tne top of the recorder, Yet, the thottom of tie 


Ait Toerente risk iss 401) |) pot Vis ene. 


4b gy 


V. COUCLUSTONS AND RECOMMENDATIONS 
fee fF LAT URE 
Pommecitac Lite aris 

The orieinal fixture desien 16 unmsatisfectorse. Ib vs 
moo freetle and it does mot providae good electricel 
combinuity between the Mag e-tee and tine launchers sh ports 
tonree ana Pour. Tne modified Pixture, wnien Mas serewedc om 
coacLal to microstrip Lleuneners at ports tnree and four, is 
Marainaliv effective, 

The electrical transistions throvuan tie Pisture wall 


Mere Gairese enc four wo not eppreciabls restrict the 
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Saws ctti of tine finm-line meciec-tee CrFingags. tl 
Therefores tne noles in tine Taisture seb ports three sma four 
amd tie motecnes im the maqie-tee’s aground plene st rors 
Liree and four fFunebion reassonabls well, 

ee LeCOMMennat 1 ane 

Teshing snoula mot be resumed umtil en isnpraved 
Peete 16 Canstructed. Each Nnslf of tne mew fixture shouwle 
Se AMSoILNed out of @ solid piece of matal., All of the 
PeGciiGrs WnkGn connect to tine fixture showled be ettacheci 
Wii serews, A stiff ar semi-rioid dielectric showlda te wsedc 


one oa = pea te Lee ane oo ~- one oe peciees Eiken . co Be coe oe. a] Cid eee ee . . ee ote see se see ee ges wate oe «dn 200 «f. . . 
Pees? Oitd Line necessity of solderine tie Liunchers to the 


Posty ip Limes. Tne microstrip to coaxial transibtioars 
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concept which 15 used in this thesis snoula be incorporated 
im the mew fixture design. 
EB, IN-LINE Mabe IEE 

1, Conmelis .orms. 

The fin-Lline megie-tee worked better tinan expected 
aPtrer only three iterations of the developmental process, 
The pnese shifts ere very close to the theoretical 
paraneters. However, the dielectric material is too flexible 
ana the reflections at Ball four ports meed to he recducend, 

There are four factors that could be causing Tie 
high relections. First. 838 moted im tne eneineerae 
approaniamations CUnep. 3). tne bileteral Pin-Line impecence 
oF the loop might be aeligntly above tne cesired TUNG 

Seoand, the soldered cormections on the microstrip 
lines #bt ports three ena Pour probable introduce S1raniricant 
Pet Lee lire. 

Tnhitad, tne magi. e-tee is mot completely sueeleric. 
The port three mierastrip line couples witn twa siots wntle 
tne apcrostrip et port four couples with @ simagle gigs 

Fourtin, sue to the different dielectric cons lene 
ain ena bcpsilsa-Llt., toe ogistrioution af tine elerntlr ie ieee 
Wit tne ALeleetric ais mob the same a5 tie distribution af 
Ling e@leetric Piela in tone e1ir.,. Theretforea, trie rpesekive 
Lobterrerence an the &e4r 16 mot the same a6 the resetive 
LriterParence within the dielectric material. These unmatonan 
regekences pravbaetlse comtripbute to tne nserenonie pattern oF 


*ee soe .* i vee soy tte a 2 oe ase oee ee . see os eve - cit ote ofe ven, ) | ‘. oe ere "80 fe coe ees 2ee fee ." =) 
rerlections observed eb all Four parts (Figs, T8-da). 
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2. Recommendations 

Future maqic-tees should be made out of a stiff or 
SemMi-rigid dielectric material. The combination of 3 stiffer 
material and a mew fixture desian shouwld eliminate the need 
for soldered commections. 

Two mew magic-tees should be made with unilatersl 
loop impedances of 190 ohms and 195 ohms. Tests of these 
tees will help identify the proper umilateral loop impedance 
amd check the aeceuracy of the first engineéeerine 
BPPTOXLIMatbicris 

Two s@etions of dielectric material which are 
totally void of metal foil can be added to tine oulsides of 
LG @xistine two sections of dielectric. Un tinas 
conPiquetion, the slots will be totally surrounded iny tine 
same dielectric constant. This should improve tine summatre 


Sieetin® electric field distrinpution mear the slots. tnerety 
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reducing the amount of reflected enerasy wibnin +t 
MBQLO-lee, 
eee LN LINE MONOFULSE SYSTEM 
eee Cin: eons. 

he performance of the fin-line monopulse system is 
Yery satisfectory. The mull aim tine difference pattern 146 
foe bLinan 40 aE below tne peak of the sum pattern at 
Meo -GR2 (Fig. 402. This deep unmeasurable mull which 


exartls splits the main pesk of the sum pattern (Fia. 40) 16 


tne eesence of & good monopulse antenna. The minor problems 
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caused by high reflections should he resolved when the 
fin-line magiec-tee 16 improved. 

The peak im the fin-lLine monopulse syusgtem’s 
difference pattern is spproximately mine de lower then Une 
peak im 1t’°Ss sum patterm CFig. 36). This difference 16 
appraximetely tnree dE more than tne corresponding 
relationship im Skolmik’s patterns Chef. 7: pp. 1l¥-231. The 
fine-Line comparataor’s weak difference pattern 15 proheily 
Lne result of reflections caused by the Llaree quanities of 
solder on the port four microstrip line. Tne snape of the 
fin-lLine monopulse system’s sum and difference patterns ane 
Lhe @xeact centering of the gifference mull are elmost 
identical to Stolinit.’s Lllustratinines 

SO Wiel ee meee cel wes pp. 190-281 shows that tie second 
moll im & tneoretical sum pattern 16 mob present on an 
sCbLual monopulse pattern. This effect is rongnls reproduced 
im tnis thesis (Fies, 36 and 38). Tne second and thaira peaks 
Lm tne simulated sum pattern (Fic. 38) are at +AU wine 
GQEeQreaes respectively. Correspandimg peaks sre evident at S30 
and 77 dearees on tne actual pattern (Fig. 36). Tne setuagl 
pattern 196 filled in between tnese tuo peaks just as Skolriik. 
precnLleted, 

As discussed in Cnepter Four, the effective element 
spacing at 10.3-GHZ is 1,40 wavelenatinns. Tnis is 1524 of the 
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element spsein]2 im air and 43% of the element spacine im the 


Q1.electric. These percentages sre probably a fumction of the 


casi 
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dielectric constant. Therefore, the effective element 
spacing of the fFin-Line monopulse system can prohehbly be 
controlled by proper selection of the dielectric comstant. 
The fin-Line monopulse system should be enlareed to 

rnciude two orthogenal difference ports, This will make ait 
wseful as 8 target tracking antenna URef. 73 pp. Lo-23l. 
The diamond configuration shown im Figure 4 and tne square 
Hesignm pvlilustrated in Fraure S&S can both be adapted to the 
firn-lLine monopulse technique. 
' &@, Diamond Fin-Line Monopulsa System 

A simple arrangement of four horns connected to 
tLiree TinnyLine megie-tees can he constructed waeq.ina 2 
Meat TLaid dielectric “See (iis COnmt hOUT aiaon wel) 
Consist of two of the fin-Lline monopulse comperstor = 
MeVveloped im this thesis pleced side by side, The difference 
ports of these two comparators will be the elevation anda the 
S2¢6ULt0 ports for the mew tiree port sestem., The sum parks 
fe connect to the anputs of the third megic-tee. The thir 
MEQic-tLee’s gum port will be tine systen’s sum port. The 
gifrerence port of the third maeqie-tee will be loaded, 

The individual azimuth and elevetion comparators 
fee we Clectricesils orthogonal to each other if they ere 
esen twisted 45 degrees in opposine directions. The twistine 
enould be canine to the eres between tne fixture and the 


Stetes Li tis COMNTiQguration the two eroups of sntennas will 


onl 


be orthogonal to each ather, yet all tnree magic-tees will 
he im the same plene,. 
Db, Square Finm-Line Monopulse System 
A muagl plane fin-Lline monopulse sesten 
Constructed out af semi-rigid dielectric material is 
Llilustrated im Figure 41, The dielectric material will heave 
to be Tlexible enough to bend, yet rigid enough Lo pravircie 
good electrical contect between Lhe microstrip lines ema tne 
Leumeners, This device will reauire careful emeaimeering te 
praperly alien the sheets of mielectric materiel, Ones thesia 
problems ere solved, mass production shoulda he eaaw, 
Oo “Oni Wiki e Des Get 
Le Gomer! 17 ors 
The com Pat Ler a10Ed Gesien portion af this tnesig 14 
wgesole, Nowever it snould he enlarged to inmelucie more of 
Loe Fese1ar Pracess. 
ae: Recommendations 
Fiaeanres 12. 13, and 14 snould be mModitiedcd to ieee 
es Wither rcanee or dielectric constants and drelectrik 
Late kmeseses. The dats im tne mew versions of Figures Pe ame 
LS can probably ne represented me sinple aleehraire aanusliomns 
CRef, 103 pp. 226-2281. The mew version of Figure 1) Sc 
Dt 2PPraximated ny exponential equations. Tne four ster 
Lriéel ama error Proeess presented in Chapter Three ana tie 
HWESlan paeraneters for tne fin-line® norms CTRef. SI ean 


Pronaoly be written in the form of 3 short computer program. 


Us > 
[YE 
Net Ane 


information should be computerized and added to tne existing 
proerem CAppendix A), 

The improved version of the computer aided design 
program could ask the operator; What gsgin/heam width 
combination is desired for the fin-lLine monopulse system? 
Tne program could then recommend the approriate dielectric 
Constant and prompt the operator to plece tne paper on the 
plotting tanle., When the first drawing is finished. tie 
program could prompt the operator to change the paper. Usire 
Mites COMCeE PL, mane-to-order monopulse taereet trackins 
antennas could be inexpensivels mass produced in s&s matter of 
WHYS > 
Peete! LHG THESIS JE JECTIVES 

Msagie-tees rmumber two and three end tne monopulse seater 
gebtisty the first objective listed in the introductions Tie 
Sum sree Poe neice patterns CFi@as.,. 3Sés 37, ana 402 are 
Hetter than expected for limited iterations of tne mesian 
proeess, They weet tie secand objective. The interactive 
SOMPLNCer Slded Besiagn prosrsnm CApPpendisx A) Ssaetisfies Lire 


Lhaird obyective., The recommendations presented im tris 


mere, TuULTLLL the final obJective of this thesis. 
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440 
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460 
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3208 
338 
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APPENDIX A 


COMPUTER PROGRAM LISTING ; 
MSEE THESIS 


FIN-LINE MAGIC TEE, FIN-LINE HORN AND 
FIN=LINE MONOPULSE SYSTEM 


BY LCDR JAMES W. ROWLEY 
AUGUST 1985 
NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA. 


CWRITTEN ON AN HP-9845B8; WITH AN HP-9872C PLOTTER) 


MISC. PROGRAMING INFO: 


THIS PROGRAM IS WRITTEN IN “BASIC". THE FOLLOWING RULES APPLY: 


' 
! 
' 
' 
' 
BUILT IN COMMANDS: THE ENTIRE WORD IS IN UPPER CASE LETTERS. 
DEFINITION OF NON-STANDARD BUILT IN COMNANDS: 
ATN(>! RETURNS THE ARC TANGENT OF THE VARIABLE IN THE BRACKETS. 
MSCALE A,B: PLOTTER IS SCALED IN MILLIMETERS. THE ORIGIN IS 
“A” MILLIMETERS LEFT AND “B" MILLIMETERS UP FROM THE LOWER 
LEFT HAND CORNER OF THE PLOTTING AREA. WHEN “MSCALE* IS 
USED, ALL UNLABLED UNITS IN THE PROGRAM ARE IN MILLIMETERS. 
| PLOTTER IS “*: COORDINATES THE COMPUTER AND THE PLOTTER. 
DEG: TELLS THE COMPUTER THAT ALL ANGLES ARE IW DEGREES. 
! 
! 
4 


VARIABLES: ONE UPPERCASE LETTER FOLLOWED BY NOTHING, OR FOLLOWED 
BY A STRING OF LOWERCASE LETTERS ANDYOR NUMBERS. A VARIABLE 
CAN 8E UP TO 15 CHARACTERS LONG. IF A VARIABLE IS ENDED IN A 
DOLLAR SIGN ¢#), IT IS A STRING VARIABLE. DUE TO THE EXTREMELY 
LARGE NUMBER OF VARIABLES IN THIS PROGRAN, THEY ARE DEFINED AND 
ASSIGNED INITIAL VALUES AT THE SAME TIME. THIS PROGRAM DEFINES 
KEY POINTS IN TERMS OF °X" AND “Y" REFERENCE PLAHES. THESE PLANES 
ARE DEFINED BY A CONBIHATION OF A FEN KEY DINENSIONS. THIS CHANGE 
OF VARIABLES APPROACH WAS USED TO FACILITATE FUTURE DESIGN 
MODIFICATIONS. A FOLLOW ON PROGRAMER CAH CHANGE AHY ONE OR NORE 
OF THE KEY DIMENSIONS Ith THIS PROGRAM AHD THE ENTIRE DRAWING WILL 
BE AUTOMATICALLY ADJUSTED. THIS IS A LIMITED APPLICATION OF CAD 


CCONPUTER AIDED DESIGN). 


1 STEP ONE: DETERMINE WHICH DRAWING THE OPERATOR DESIRES. 

INPUT “MAGIC-TEE (TEE; HORN CHORN)$3; OR MONOPULSE SYSTEM (MOHO)?", Drawings 
IF Drawings="TEE"“ THEN 580 

IF Drawingt="*HORN" THEN 590 

IF Drawings="MOHO" THEN 5900 

GOTO 480 !ASK QUESTION UNTIL PROPER REPLY IS GIVEN. 

INPUT “DRAW FIN-LINE OR NICROSTRIP SIDE? (F/M),CONT", Sides 

IF Side#="F" THEN 550 

IF Sides="N" THEN 558 

GOTO S@Q@!IWNRONG REPLY. 


! 
INPUT “DRAW RULER AND COMNENTS? ¢Y7N),CONT", Rulers 


. IF Rulert=s"¥" THEN 600!ICHECK FOR PROPER REPLY. 


IF Rulers="H" THEN 608 

GOTO S5S@ !ASK QUESTION UNTIL PROPER REPLY IS GIVEN. 
! : 
INPUT “QUICK LINE ¢1), OR PRECISION LINE (49",Linenumber 

IF Linenumber#i THEN 668 

IF Linenumber#4 THEN 648 

GOTO 60@!ASK UNTIL VALID REPLY GIVEN. 

Segqmentsizes,.04 {DISTANCE BETWEEN THE DOTS, IF A DOTTED LINE IS USED. 


! 
1 STEP TWO: ADJUST THE GENERAL LAYOUT OF THE DRAWING. 


54 


678. 
680 


698 .. 


788 
710. 
728 
730 
748 
758 
760 
772 
780 
790 
808 
818 
820 
830 
840 
850 
860 
870 
880 
890 
989 
912 
920 
930 
940 
959 
968 
970 
980 
998 
1008 
1010 
1820 
1838 
1840 
1850 
1060 
1070 
1880 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1198 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1318 
1320 


1 
1! THIS SECTION CONTAINS REQUIRED COMMANDS FOR COMPUTER/PLOTTER 
! COORDINATION AND GENERAL COMMANDS AND VARIABLES THAT ARE . 

1 USED TO ORGANIZE THE DRAWING. 

PLOTTER IS “9872A” ICOORDINATES COMPUTER AND PLOTTER. 


DEG !ALL ANGLES IN THE PROGRAM ARE IN DEGREES. 

Titles="3" “ tTHIS WILL BE PRINTED ON THE DRAWING. 

Flip=#1 l=1 PUTS THE SUM NOTCH ON THE OPPOSITE SIDE. 
Xcenter=82 tCENTER OF DRAWING ON PAGE IN mm FROM LOWER LEFT. 
Ycoenter=95 'CENTER OF DRAWING ON PAGE IN mm FROM LOWER LEFT. 
MSCALE Xcenter, Ycenter !POSITIONS THE DRAWING ON THE PAPER, 

Scale=1 [THE ENTIRE DRAWING IS SCALED TO THIS FACTOR. 
Mm=Scale IDEFINES MHm=MILLIMETERS CDRHWN TO SCALE). 
Inz25.4#Scale IDEFINES In=25.4 MILLIMETERS = INCH CDRAWN TO SCALE). 


LINE TYPE Linenumber, Segmentsize 1 = 
! IF Linenumber EQUALS "1", THE PLOTTER WILL DRAW 


! A REGULAR LINE. IF Linenumber EQUALS "4", THE 

|! PLOTTER WILL DRAW A DOTTED LINE WITH OVERLAPPING 

! DOTS. THE DOTTED LINE ELIMINATES PEN OSCILLATION 

! ERRORS, AND PRODUCES A VERY HIGH QUALITY SOLID LINE. 


1 

1 

| STEP THREE: DEFINE THE DIMENSIONS OF THE DRAWING. 

14 

|! “THE FOLLOWING VARIABLES DESCRIBE THE ENTIRE URAWING. THE REST OF THE 
| PROGRAM USES THESE VALUES TO CONSTRUCT THE DRAWINGS. 

|! ANY CHANGE IN THESE VARIABLES WILL RESULT IN ALL ASSOCIATED PARAMETERS 
1! IN THE DRAWING BEING ADJUSTED AUTOMATICALLY. 

! VARIABEES ASSOCIATED WITH THE MAGIC TEE END IN A “t* SUBSCRIPT. 

1 VARIABLES ASSOCIATED WITH THE SINGLE HORN END WITH AN "hn" SUBSCRIPT. 
! VARIABLES ASSOCIATED WITH THE MONOPULSE SYSTEM END IN AN “mh" 

! SUBSCRIPT. 

l 

1 

1 USER DEFINED VARIABLES: 

{ ‘ 

Er=10.2 IDIELECTRIC CONSTANT. Er IS ONLY USED 


! TO CALCULATE THE TEM WAVELENGTH IN 

' THE MICROSTRIP LINES. 
Lambdazeros26. 306#lMm IFREE SPACE WAVELENGTH AT 11.4 GHZ. 
Lambdad#Lambdazero/’SQR¢(Er) ITEM WAVELENGTH, 


Qucoupledslots=.4998%*Lambdazero’4 !QUARTER WAVELENGTH IN COUPLED SLOTS. 


1 .4¢998 IS 97% OF THE VALUE FOR A 
! SINGLE SLOT THAT IS NOT COUPLED. 


Qwloop®.6368#lambdazero4 !QUARTER WAVELENGTH IN LOOP SLOTS. 
Qumicrostrip=lambdad/4 tQUARTER WAVELENGTH IN MICROSTRIP CTEM). 
Quhornslot#®.5216#Lambdazero/4 !QUARTER WAVELENGTH IN 108 OHM SLOTS. 


l 
|! THE FOLLOWING DIMENSIONS ARE EXACTLY MATCHED TO THE SIZE OF THE FIXTURE; 


At=.165#In IWIDTHR OF THE NOTCH IN THE COPPER FOIL TRAT MATCHES THE 
! HOLE IN THE FIXTURE THAT CONNECTS THE DEVICE TO THE 
! COAXIAL LAUNCHER. 


Bt=.0238#In IWIDTH GF THE MICROSTRIP TRANSITION AND OF THE WIDTH 
t OF THE CENTER CONDUCTOR IN THE COAXIAL ADAPTER. 
Ct=.03#In ITHICKNESS OF THE FIXTURE WALL THAT IS BEYOND THE 
! SUBSTRATE GROOVE. 
Dez. 22#In POTSTAHCE FROM GCENTER OF DIFFERENCE PORT TO THE EDGE 
OPO THE DITEPECTRICsTHAT IS INSIDE GF THE FIXTURE. 
Et s.770#In !'LEFT EDGE OF THE SUBSTRATE TO THE CENTER OF SUM PORT. 


!' THIS VALUE MAKES THE SUM AND DIFFERRANCE PORTS 
! APPROXIMATELY THE SAME LENGTH. 
Fez1,5#In I'CENTER OF SUM THE PORT TO THE RIGHT EDGE OF THE FIXTURE. 
! THIS ALLOWS SUFFICIENT ROOM TO MOUNT THE FIXTURE 
t WHILE TAKING ANTENNA PATTERNS. 
Grt=.5#In !ALLOWS ROOM FOR LAUNCHERS ON RIGHT SIDE OF PORTS 1k2. 
Glitz. 25#In !ALLOWS ROOM FOR LAUNCHERS ON LEFT SIDE OF PORTS 1&2. 


oo 


13390 
1342 
1358 
1368 
1378 
1386 
1398 
1480 
1410 
1428 
1430 
1448 
1450 
1460 
1478 
1480 
1496 
1588 
1518 
1520 
1530 
1548 
1550 
1568 
1578 
1580 
1590 
1688 
1610 
1620 
1638 
1640 
1650 
1668 
1678 
1686 
1698 
1700 
1710 
1720 
1730 
1748 
1758 
1768 
1772 
1780 
1798 
1808 
1816 
1820 
1830 
1840 
1858 
1862 
1870 
1880 
1898 
1982 
1918 
19268 
1938 
1948 
1958 
1968 
1972 
1988 


THREE DIFFERENT VALUES FOR Ht ARE GIVEN. PICK THE APPROPRIATE ONE. 
Heel, 3ii7vetim !WIDTH OF 160 OHM LOOP SLOT. 
| Heel.674#Mm IWIDTH OF 1808 OHM LOOP SLOT. 


l 

| THE FOLLOWING DIMENSIONS DEFINE THE LAYOUT OF THE MAGIC TEE; 
l 

l 


Ht#2.856#Mm IWIDTH OF 268 OHM LOOP SLOT. 
Tt =™.340#Mm IWIDTH OF THE COUPLED SLOTS. 
Jee. d43995tMm IWIDTH OF THE 1008 OHM “HORN" SLOTS. 
Kt =. 2066#Mm {WIDTH OF MICROSTIP. 
Les. 0781#In [LENGTH OF THE TRANSITION IN THE SUM AND DIFFERENCE 
| MICROSTIP LINES. 
Mtx2.54*Mm IDISTANCE BETWEEN THE SLOTS IN THE LOOP. 
NesHe+heve-Cilt+0072) !IMAKES ANCLE BETNEEN PTS 36,37 AND 38 135 DEGS. 
Ot3.2664#Mm IDISTAHCE BETWEEN COUPLED SLOTS. 
Pest. S#Mm INIDTH OF THE ISOLATION SLOT. 
Qes.B8acdDe-Jed INAKES THE PARALLEL SLOTS 174 WAVELENGTH APART AND 
! AND HALF A NAVELENCGTH FROM FIXTURE WALLS AT 11.4 GHZ. 
Rte#,.25aIn IDISTAHCE BETWEEN FIXTURE AND FIRET CORHER IN SLOTS. 
St.2#In IDISTAHCE FROM FIXTURE TO VERTICAL SLOTS. 


IF Ret.leInoSt THEN SteRet+.L#In!ALLONS ROOM FOR LOWER KEND IN THE 
| IN THE INPUT SLOTS COUTSIDE OF FIXTURE). 


Tes. 3#In 1SIDE OF 45 DEGREE CUTOUT. 
Uts0#In I'LENGTH OF VERTICAL SLOTS. 
VesiSemnm [HALF OF THE SEPARATION BETWEEN THE "HORN* SLOTS. 


| THE NEXT LINE INSURES ADEQUATE SEPARATION BETWEEN THE TIPS OF THE 
| MICROSTRIP THAT EXTENDS FROM PORTS ONE AND THO. 
IF Ve<. 354In THEN Vex. 354In 
Wee. S#iIn !DISTANCE FROM "HORN" SLOTS TO EDGE OF DIELECTRIC. 

{ THIS ALLONS SUFFICIENT ROOM TO MOUNT THE LAUNCHERS. 
| 
| THE FOLLOWING LINES DEFINE THE HORN. 
Angleh=9.1 IHALF OF THE HORN ANGLE. 
Nh#8 INh#tlLambdads2LENGTH OF HORN FLARE (Bh). 
{ 
1 THE FOLLOWING DIMENSIONS ARE USED TO ADD THE MISC. DATA TO THE DRAWING. 
Sixteenthaz1l/16#In {t{USED TO BUILD RULER AT THE BOTTOM OF THE DRAWING. 
Spaces.,O0/7#In ISPACES THE COMMENTS AND RULER AWAY FROM THE DRAWING. 
i 


! 
| THE FOLLOWING VARIABLES ARE COMBINATIONS OF THE USER DEFINED VARIABLES, 


| ANDZOR SHORT VARIABLES THAT REPLACE LONGER MORE DESCRIPTIVE VARIABLES. 
] 

Bat =Qumicrostrip (LENGTH OF MICROSTRIP OVERLAPS. 

Bot #Qwhornslot {LENGTH OF HORN SLOT OVERLAP. 


THERE ARE TWO VALUES FOR Bet AND Bdt GIVEN. OHE SET MAKES A TAPERED 
LOOP, AND THE OTHER SET MAKES A NON-TAPERED LOOP AS INDICATED. PICK 
THE DESIRED TYPE OF LOOP GEOMETRY. 


TAPERED LOOP: 
Angle® IS THE ANCLE USED TO DETERMINE Bct AND Bdt. IT IS ONE HALF OF THE 


AVERAGE OF THE TWO ANGLES FORHED BY POINTS 20,21,22 AND 36,37,38. Bet 
AND Bdt ARE USED TO MAKE A SNOOTH TRANSITION AROUND THE CORNERS It 
THE LOOP. 

Angle@=( CL1BG-ATHC CHrteMeZ2-1t-Oe72d4Nt 724+ C1LBO-ATHC Cie 72-Or 72> ZhHitd d72)22 
BetshHt/TAN(Angle@>) !THE OFFSET AT THE RIGHT SIDE OF THE TAPERED LOOP. ; 
Bdv2It7TANCAngieG>) !OFFSET AT ENGE OF THEERED LCOGF, 


| NON-TAPERED LOOP: 
AngleQO=ATNCNe/ (He the s2-CIt+0t72))) 1FOR NON-TAPERED LOOP. 


Bet sHt#TAN(45-Angle8072) !FOR NON-TAPERED LOOP. 
Bdt#He/COS(AngleQO>)°It*TANCAngleGQ> IFOR NOH-TAPERED LOOP. 


l 
BetazJercos¢d5 -It IOFFSET AT LEFT EDGE OF COUPLED SLOTS: , 
Bre sQucoupledslots-Bet’2-Bdt72 LENGTH OF THE TOP OF THE COUPLED SLOTS. 
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1998 
2000 
2010 
2020 
2838 
2040 
2058 
2060 
2070 


2080 - 
2090 - 


2100 
2118 
2120 
2130 
2140 
2150 
2160 
2178 
2180 
2190 
2200 
2218 
2220 
2230 
2240 
2250 
2260 
2272 
2280 
2290 
2380 
2310 
2320 
2330 
2340 
2358 
2360 
2370 
2380 
2390 
2400 
2412 
2420 
2430 
2440 
2450 
2460 
2470 
2480 
2490 
2500 
2512 
2520 
2530 
2540 
23550 
23560 
23572 
2580 
2598 
2600 
2618 
2620 
2630 
2640 


° 
BQOt@TAN(22.5)#Jt !OFFSET FOR 45 DEGREE BENDS IN 108 OHM SLOTS. 


» 
! THE FOLLOWING CALCULATIONS MAKE THE CENTERLINE OF THE LOOP 3/4 OF A 


| WAVELENGTH LONG. 
ArcacCMt+tHt .#Pl74-Ke72 !ARC LENGTH, EXCLUDING PORTION THAT OVERLAPS THE 


! MICROSTRIP. 
Slantpartofloop=SQRCCHt+Betrv2-Bdt 72.*24CCMt+Ht-Ot-1t)72)*2) ILENGTH OF THE 
{ SLANT PART OF 


feiheE LOGP, 

| MEASURED ON 

1 CENTERLINE. 
Flatpartofloop23#Quwloop-Arc-Slantpartofloop-Bdt72!ADJUSTABLE PART OF LOOP. 
BhtsFlatpartofloop+Bet72 !THIS MAKES THE LOOP 374 OF A WAVELENGTH LONG. 


| 
BiteDe-Qt-lt-Ot7r2 !LENCTH OF 45 DEG SLOTS CIN THE "X" AND “Y" DIRECTIONS) 


! THAT ARE INSIDE OF THE FIXTURE. 


Bjt=Dt-Qt—-Jt ! DISTANCE FROM CENTERLINE TO INPUT SLOTS CINSIDE OF 
! OF THE FIXTURE). 
Bkt#St-Rt {LEtGTH OF LOWER 45 DEGREE SECTION CIN “X"* AND “Y" 


! DIRECTIONS THAT IS OUTSIDE OF THE FIKTURE. 
BItsVt~e-Bjt-Bke-Ut !LENGTH OF UPPER 45 DEGREE SECTION CIH THE "X" AND “¥" 
i ! DIRECTION) THAT ARE OUTSIDE OF THE FIXTURE. 
Bmt 22+. SCD -Qe-Jt-Pt72)-Otvr2 !DISTANCE FROM COUPLED SLOTS TO THE 
! TIP OF THE ISOLATION SLOT “IN THE “X* 


! DIRECTION). 
[ CIN THE “X" AND "“¥" DIRECTIONS). 
Bnt #Pt72 1LEHGTH OF THE VEE AT THE END OF THE ISOLATION SLOT. 


! Bnt KEEPS THE SLANT PORTION OF THE ISOLATION SLOT 
! AND THE HORIZONTAL PART OF THE ISULATION SLOT 
! EQUADISTANCE FROM THE 100 OHM SLOTS CIHSIDE OF THE 
! FIXTURE). 

| 

! THE FOLLOWING ARE CONBIHATIONAL HORN VARIABLES. 

IF Drawings="HORt”" THEN 2368 ! USED TO MATCH HORN TO FIXTURE. 

Ah#Qt [WIDTH OF HORNS MATCHES FIXTURE FOR MACIC-TEE. 

GOTO 2370 

Ah=Dt-Jt72 !WIDTH OF HORH STRIP FOR SINGLE HORN. 

BheNhtlLambdad !LENGTH OF HORH FLARE FROM Xoh. 

Ch#Ah#SINGAngleh>) !LATERIAL OFFSET DISTANCE AT END OF HORN. 

Dh=Ah#COS<Angleh> !VERTICAL GQFFSET DISTANCE AT END GF HORH. 

Eh=Bh#SIN(CAngleh> '!HALF OF HORN APERTURE. 

FheBheCOS<Anglehb> !HORIZOHTAL LENGTH OF HORN FROM Xoh. 


rn 


THE FOLLOWING LINE PLACES A CONDITION ON THE LENGTH OF Git. THIS IS 
DONE TO ALLOW SUFFICENT ROOM BETWEEN THE MICROSTRIP CROSSING POINT, 
AND THE 435 DEGREE BEND IN THE SLOT TO THE LEFT OF THE MICROSTRIP. 
F Git<St+Je+Blet+Semm THEM Gle=Setse+Ble+SeMm 


! 
{ 
! 
! 
I 
! 
! 
PolEPePGUR. DEFINE AR SANDS sy 2 PLANES IN TERMS OF VARIABLES LISTED ABOVE. 
! ALL OF THE POIHTS THAT WILL BE USED TO DEFINE THE DRAWING 

! SHOULD BE Olt THE IHTERSECTION OF TWO OF THESE PLANES. OTHER 

! POINTS CAtl BE DRAWN TOO, BUT ONLY IF THEY ARE DEFINED WITHIN 

! THE “DRAW” COMMAND “THIS SHOULD BE AVOIDED, AS IT WILL DESTROY 
! THE "CRD" ASPECT OF THIS PROGRAM). 


Xot #8 ISETS LOCATION OF DRAWING WITH RESPECT TO THE ORIGIN. 
Kat *Xot-Et-Ct HEEFTSEDGE OF DIFFERENCE PORT. 

Abt #Xot-Et SPEFTSEUGESOF THE DIEUVECTRIC WITHIN THE FIATURE,. 

Ket exXbrele {TIP OF THE DIFFERENCE NOTCH. 

Xdtsxot-Kt~72-Nt-Bht ! CENTER OF THE LOOP HALF CIRCLE. 

Ket exdt-Mt72+Bat f1EDGE OF DIFFERENCE MICROSTRIP. 

Xft exdt+Bhnre—Ber ILOWER LEFT LOOP CORNER. 

Kgt sXdt+Bhe UPPER LEFT LOOP CORIHER. 
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2860 
2876 
2880 
2890 
23080 
29180 
2920 
2930 
2940 
29358 
2960 
2978 
2980 
2990 
3000 
38192 
3820 
30390 
3848 
3858 
3860 
3870 
3080 
3890 
3108 
3118 
3120 
3130 
3140 
3150 
3168 
3178 
3182 
3199 
329098 
32198 
3220 
3230 
3240 
3258 
3260 
32790 
3280 
3290 
3380 


XhtsxXot-At72 PLEFT EDGE OF THE TAB OF DIELECTRIG@On THE SUN PORT. 


Xit=Xot-Bt~2 ILEFT EDGE OF SUM MICROSTRIP TRANSITION. 
XjrmXot-Kt“2-Bdt I1LOWER RIGHT LOOP CORNER. 

XktsXot-Kt72 !1LEFT EDGE OF SUM NICROSTRIP. 

X)ltsXot+Kt 72 IRIGHT EDGE OF SUM HICROSTRIP. 
Xmt=Xovt+Be“2 (RIGHT EDGE OF SUM MICROSTRIP TRANSITION. 
Xnt=xXottAtv2 !RIGHT EDGE OF THE TAB OF DIELECTRIC ON THE SUM PORT. 
XptsXot-Kt72+BFre 1UPPER RIGHT EDGE OF COUPLED SLOTS. 
Xqt=Xpt+Bet !LOWER RIGHT EDGE OF COUPLED SLOTS. 
XrteXpt+Bit 1UPPER LEFT EDCE GF “1NPUl 2seons- 
Xst=exXrt+Bot ILOWER LEFT EDGE GFOC INPUT Seonrs. 
XttsxXqrt+Bmt LEFT TIP OF THE 1SOERTTOHESEGT. 
Xutsxtt+Bnt {START OF [SOLATION SLCOTm@iIPs 

XVtBXort+Ft 'RIGHT EDGE OF THE FIXTURE. 

Xwt eXyut+Re I\UPPER RIGHT EDGE OF ..1}IPUT“Sseol, 

Xxt =Xwt+BoQt (LOWER RIGHT EDGE OF “INPUT" SLOT. 

Xyt sXue+Te 1TOP OF 45 DECREE CUTOUT. 

XZt=eXvut+St I'LEFT SIVE GF VERTITCHE SEOT. 

Xaatexzri+Jt RIGHT SIDE OF “VERTICAL SLOT. 

Xabt *Xaat+Blt-Bgt [LEFT EDGE OF UPPER SLOT CORNER. 
Xact=Xaat+Blt IRIGHT EDGE OF UPPER SLOT CORNER. 
XadtsXut+Git !LEFT EDGE OF INPUT NOTCH. 


Maet=Xadt+Atv2e-Biv2 |LEFT EDGE OF INPUT TRANSITION. 
XaftexXadt+At/2-Kt72 !LEFT EDGE OF INPUT MICROSTRIP. 


Xagtexadt+At/2 !CENTER OF I!HPUT NOTCH. 
XahteXagt+Kt “2 {RIGHT EDGE OF INPUT MICROSTRIP. 
Xaft=Xagt+Bt2 {RIGHT EDGE OF INPUT TRANSITION. 
XajtsxXadt+At 'RIGHT EDCE OF INPUT NOTCH. 

Xakt =*Xaht+Bbt !RIGHT END OF SLOTS. 
XaltsXajt+Cre IRIGHT EDGE OF DIELECTRIC. 


! 
! 
XohsXvri+CheJterC2#TANCAngleh)> !APEX OF HORN OPENING ANGLE 
| REFERENCED TO EDGE OF FIXTURES 


Xah#Xoh+Fh fOUTER EDGE OF HORN OPENING. 
Xbh#Xah-Ch !'UPPER OUTER EDCE OF HORN. 
XcheXoh*+JIe7C2eTANCAngleh)d dD !HORN MOUTH. 

Xdh=#Xch-Ch !'HORN/“FIXTURE JOINT. 
Xeh=xXkt-Bbt 1END OF HORN SLOT. 


! 
Xumh=Xwt-TANC22.5>#Llambdad“~2 !USED TO MOVE X34t LEFT TO X34mh. 


Xxmhe#Xxt +Lambdad#*¢SQR¢.5)-.125) !NOVES X25t RIGHT TO X2Smh. 
XZmh®Xzt-Lambdad/2 'USED TO MOVE K32t¢K33t LEFT TO X32mh/“X33mh. 
XaamheXaat+Lambdad/2 'USED TO MOVE X26t7X2?t RIGHT TO X26mh7K2?mh. 
Xabmh2Xabt-TANC22.5)*#CLambdad“2) !USED TO MOVE X3It LEFT TO X31imh. 
Xacmh=Xact+TAN(22.5)xCLambdad72) !USED TO HOVE X28t RIGHT TO X28mh. 


Yot=0 

YatsYotevVe+Jtt+we !'TOP OF THE DIELECTRIC. 
YbtsVYat-(Ct+Lt) ITIP OF INPUT HOTCH. 

YetsYat-Tt !BOTTOM OF 4S DEGREE CUTOUT. 
YdtsYot+VetJt !UPPER EDGE OF THE HORN SLOT. 
YetsYotrvt {LOWER EDGE OF THE HORN SLOT. 
YfumVYet-Blt+Bot 1'UPPER EDGE OF THE UPPER SLOT CORNER. 
Yot=sYet-Blt ILOWER EDGE OF THE UPPER SLOT CORNER. 
YhesYot+Dr+ce 1TOP EDGE OF SUM PORT DIELECTRIC. 
Yit=Yet-Bat 1END OF PORT ONE MICROSTRIP. 
YjrsYot+De “!tTOP OF DIELECTRIC IN THE FIXTURE. 
YktusYot+Bjt+Bkt+Bgt !UPPER EDGE OF LOWER SLOT CORHER. 
YiemYykt-Bgt ILOWER EDGE OF LOWER SLOT CORNER. 
Ymt2V¥jt-bt ITIP GF SUM HOTCH. 

YntzYort+Atr2 1'TOP EDGE OF THE DIFFERENCE PORT DIELECTRIC TAB. 
YptsYot+mt72+Ht 1TOP EDGE OF THE SLOT IN THE LOOP. 
YqrxVjt-Qt !1TOP EDGE OT THE INPUT SLOT. 
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Yat sYot*+ntve 


Yreay jr-Qt-Jt 


Yet sVYot+Pes2 


ILOWER EDGE OF THE INPUT SLOT. 
ILOWER EDGE OF THE LOOP SLOT. 
ITOP EDGE OF THE ISOLATION SLOT. 


YutwYot+Orr2arle IUPPER EDGE OF THE COUPLED SLOT. 

YuesVYot+Bece IUPPER EDGE OF THE DIFFERENCE PORT CENTER CONDUCTOR. 
YwtsVYot+O0t72 ILOWER EDGE OF THE COUPLED SLOT. 

YxtsYott+Ke 72 IUPPER EDGE OF THE DIFFERENCE NICROSTRIP. 

Yyt sVYot-Kt72 [LOWER EDGE OF THE DIFFERENCE MICROSTRIP. 
Y¥ZtsYot-Bt/2 {LOWER EDGE OF DIFFERENCE PORT CENTER CONDUCTOR. 


YaatsYot-Ot72-It-BatiEND OF SUM 


PORT MICROSTRIP. 


Yabtse-Vit IEND OF PORT 2 MICROSTRIP. 
Yacts#-Ybt ITIP OF LOWER INPUT NOTCH CUSED TO DRAW MICROSTRIP). 
Yadt=-Yat !BOTTOM OF LOWER INPUT PORT. 


Yaets#VYadt-Space 


!1TOP OF THE RULER. 


Yaft#sYaet-2#*Sixteenth !LONER TIP OF A RULER MARK. 
YagtesYaft-Sixteenth [LOWER TIP OF A RULER MARK. 
Yaht sYagt-Sixteenth [LONER TIP OF A RULER MARK, 
YaitsYaht-Sixteenth {LOWER TIP OF A RULER MARK. 
YajtsVYait-Sixteenth ILOWER TIP OF AR RULER MARK. 


tFIRST LINE OF WORDS UNDER THE RULER, 
{SECOND LINE OF WORDS UNDER THE RULER. 


Yakt#VYaet-.S7#In 
YaletesYaet~-.72#In 
| 
| 


Yoh=Yot ICEMTER OF HORN. 
YahzYot+Jt72 {TOP QF HORN SLOT. 
YbhsYottEh fEtD GF HORN OPENING. 


IF Drawing$="MONO" THEN 3660 
JOINS THE FIXTURE. 


Yehs¥ je IPLACE WHERE HORH 

GOTO 3610 ; 
Yeoh#xYotrQt+eJIt/2 ITHIS KEEPS THE COPPER Lambdad/72 ABOVE THE SLOT. 
YdheYbhrtDh !TOP OF HORN, 

{ 

| 

YdmhaeYdt+tLanubdad/2 {USED TO MOVE X3it UP TO X31mh. 
Yemh=Yet-Lambdad/2 (USED TO NOVE X28 DOWN TO X28mh. 
YfmheVfFt+TANC22.5)#CLambdad72) [USED TO MOVE X32t UP TO XK32mh. 
Yomh2YQt-TAN(22.5).*(Lambdad72) !USED TO MOVE X27 DOW TO X26mh. 
Ykmh2Ykt+TAN(22.5)*#<Lambdad72) !USED TO MOVE X33T UP TO X33mh. 
YimhzVYIlerTANC22.5).)*CLambdad’72) [USED TO MOVE X26t DONN TO X2émh. 
Yqmh2=Yqt+lLambdad/2 !USED TO MOVE X34t UP TO X34mh. 
Yrmh2YrtcLambdad/2 'USED TO MOVE X25 DOWN TO X25Smh. 

| STEP FIVE: CALCULATION OF CORRECTIONS THAT WILL BE USED TO REMOVE 


ERRORS FROM THE DRAHING THAT ARE CAUSED BY THE PLOTTER. 


IN THE PEN CABLE ON THE HP 9872C 


THERE IS A SLIGHT BIT OF LOSENESS 
THIS INDUCES IS WITHIN THE PLOTTERS 


PLOTTER. THE AMNOUNT OF ERROR THAT 
SPECIFICATIONS AND DOES HOT CAUSE ANY PROBLEM IHW MOST PLOTTER 
APPLICATIONS. HOWEVER, DUE TO THE EXTRENELY SMALL DIMENSIONS IN THE 
AREA NEAR THE COUPLED SLOTS, THESE ERRORS MUST BE ACCOUNTED FOR IN 
THIS PROGRAM. THESE CORRECTIONS CAME FROM EMPIRICAL TESTING AND 
WILL HAVE TO BE ADJUSTED TO MATCH THE PARTICULAR PLOTTER THAT IS 
BEING USED. THE In/Mtm SCALING IS INTENTIONALLY OMITTED TO KEEP THE 
| THE CORRECTIONS TO THE SCALE OF THE ACTUAL DRAWING AND PER. 
Plottercorrect1=.87 

Plottercorrect2=8 

Plottercorrect3=0 

Plottercorrect4=G 


AND IT IS CORRECTED 


Pens.52 ITHIS IS THE PEN THICKNESS, 
! FOR AUTOMATICALLY IN THE DRAWING. 
STEP SIX: ENTER TWO MAJOR LOOPS THAT MAKE THE DESIRED DRAWING: 


i iimeOGr USS USED. 70 FILL IN THE BLACK 
THIS IS DONE BY MOVING EACH POINT OF THE 
AND THEN DRAWING IT OVER AGAIN. 


THE FIRST LOOP (THE 
PORTIONS OF THE DRAWING. 


f 
! 
! 
! 
| 
! 
! FIGURE IN 60% OF THE PEN THICKNESS, 
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3979 
3989 
3999 
42980 
4918 
4920 
4830 
4242 
4250 
42968 
4078 
4989 
42890 
4190 
4119 
4120 
4138 
4148 
4150 
4160 
4178 
4180 
4199 
4280 
4210 
4220 
4238 
4240 
4258 
4260 
4279 
4288 
4292 
4308 
4319 
4320 
4330 
4349 
4358 
4368 
4379 
4388 
4398 
4499 
4418 
4422 
4430 
4442 
4452 
4460 
4470 
4480 
4498 
4598 
4518 
4520 
4530 
4549 
4559 
4569 
4579 
4598 
4599 
4688 
4612 
4620 


THE SECOND LOOP (THE “Im” LOOP) IS USED TO DRAW THE FIN-LINE PATTERN. 
THE BOTTOM HALF IS ESSENTIALLY A MIRROR IMAGE OF THE TOP. THEREFORE, 
ONLY THE TOP HALF IS DEFINED. THE BOTTOM HALF IS DRAWN BY MULTIPLYING 
THE "¥* COORDINATES BY HIHUS ONE. ANY HON-SYMETRIC AREAS CSUCH AS 

THE SUM PORT) ARE TAKEN CARE OF WITH “IF" STATEMENTS, THAT CHECK TO 
SEE IF THE TOP OR BOTTOM HALF IS BEING DRANI. 


FOR Fille#i TO 1 STEP 2 [START OF THE "FRil* EGOre 
FOR Image=@ TO 2 STEP 2 ISTART OF THE “Im" LOOP. 
Im=I-Image !Im=™i DRAWS THE TOP, AND Ims-1 DRAWS THE 


| BOTTOM OF THE SLOTLINE SIDE. 


IF Fill=3 THEN SegmentsizesSegmentsize#3 
IF Filil>1!1 THEN GOTO 4180 ISKIPS TO THE “Fill= ROUTINE. 
IF Im=i THEN Penn2Pen*#Fil| !PLOTTER CORRECTION FOR THE 
! TOP HALF OF SLOTLIFESSTDE: 
IF Im=~-1 THEN Penn=Pen#tFill+Plottercorrect! !PLOTTER CORRECTION FOR THE 
! BOTTOM HALF OF THE SLOTLINE 


| SIDE. 
GOTO 4238 ISKIPS “Fill” ROUTINE ON FIRST RASae 
IF Im=i THEN Penn=Pen*Fill#.60 P"FilT1l" ROUTINE. MOVES PEH IN 60% OF 


! IT’S WIDTH AD THEN DRAWS THE 
| FIGURE AGAIN. 


STEP SEVEN: CALCULATION OF CORRECTIONS THAT WILL BE USED TO REMOVE 
ERRORS FROM THE DRAWING THAT ARE CAUSED BY THE PEN. 


! 
| 
l 
{ 
| 
| THE FOLLOWING CALCULATIONS ARE USED TO ELIMINATE ANY INACCURACY IN 

| THE DRAWIMG DUE TO THE WIDTH OF THE PEN THAT IS BEING USED. 

I THESE ADJUSTHENTS WILL AUTOMATICALLY MOVE THE PEH THE APPROPR Tae 

] AMOUNT AND DIRECTION TO ACCOUNT FOR HALF OF THE THICKNESS OF THE PEN. 


Anglel=C(18Q-ATNCCBt-Kt7¢2#Lt 72 !'HALF OF THE ANGLE FORMED BY 
| POINTS 162,193 AND 104. 
Penoffseti=Penns(2#TAN(Anglel>> ICORRECTS POINTS 102, 1603, 1986 AND 


1 107 IN THE "“X" DIRECTION AND 
i POINTS I11, 11f2, [15 ANDI oem 
t o¥™ DIRECTIGH. 


Angle22ATNCAt/<(2#Lt dd 1HALF OF THE AHGLE FORMED BY 
| POINTS 2,1 AND THE IMAGE SOR 
Penoffset2sPenn7¢(2#SIhCAngie2)) [CORRECTS POINT 1 IN THEW 


1 DIRECTION AND POINT S IN THE 
lec yY DIRECTION: 
! 


AngleS=(C18O-ATNCCBt-Kto7C2e#ChLe+Ct dd. “2IHALF OF THE ANGLE FORMED BY 
| POINTS 118,119 AND 126: 


Penoffset 32Penn7(2#TANCAngie3)> fCORRECTS POINTS 119,122,125 AND 
| 128 IN THE *Y" DIRECTION: 


Angle3a=(90~-(I138G-2%Angle3))72 |! HALF OF THE ANGLE FORMED BY 
| POINTS 117,106 AND Tlse 

Penoffset3aePenn’(2*TAtlCAngiedga> > ICORRECTS POINTS 117,118, 123 AND 
! 124 IN THE “X”" DIRECTION. 

I 

Angle4sATNCAt7(2# (Lt +Ct dd ! HALF OF THE ANGLE FORMED BY 

. | POINTS 11, 12 AND 1a. 

Penoffset4=Penn/(2#SIhcCAngie4)> ICORRECTS POINT 12 IN THER 
! DIRECTION. 

| 

AngleS=(I8Q-ATNC2#Lt/7Atdd72 !HALF OF THE ANGLE FORMED BY 
| POINTS#i,2 AND 3: 

Penoffset SsPenn/(2#TANCAngiesS)> 1CORRECTS POINT 2 IN THEM 


{ DIRECTION AND POINTS 4 AND 5 
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4630 
4640 
4650 
4668 
4670 


9 


! IN THE “X* DIRECTION. 
! 


Angle6s(18O-ATNC2#CLe+CrorAroo72 !HALF OF THE ANGLE FORMED BY POINTS 
! 10,81 AHD 12. 
Penoffset6ésPenn/(2#TAHCAngle6)> ICORRECTS POINTS 11 AND 13 IN THE 


| "X" DIRECTION. 


i 
Penoffset7=Pen/(2*TAN(67.5)) ICORRECTS POINTS 22, 24, 25, 28 
t 31, 34, 35 AND 36 IN THE “x" 
. | DIRECTION, AND POINTS 26, 27, 32 
| AND 33 IN THE “Y" DIRECTION. 
Penoffset7a=Penn/(2*#C0S(45)) {CORRECTS POINT 18 IN THE “x" 
| DIRECTION. 
! 
Ang] e8=(180-ATNCCMt72+4Ht-Ot72-1t/“Nt>)72 IHALF OF THE ANGLE FORMED BY 
|! POINTS 37, 38 AND 39. 


Penoffset8=Penn/¢(2*TANCAng!] e8)> ICORRECTS POINTS 37 AND 38 IN 
f THE “K* DIRECTION. 


{ 
Angle9#CiSG-ATNCCMNt72-Ot72>0/7CHtt+Bet-Bdtd))72 |!HALF OF THE ANGLE FORMED 


f BY POINTS 21, 22 AND 23. 


Penoffset9=Penn’( 2*TANCANg)] 29) > !CORRECTS POINTS 21 AND 22 IN 
f THE “"X" DIRECTION. 


1 

Anglehi=4S-Angleh I!USED TO DETERMINE OFFSETS AT END OF HORN. 

Angleh2=¢(180-Angleho72 !USED TO DETERMINE OFFSETS AT MOUTH OF HORN. 

l 

Penoffsethi=SQRC2.#Penn72eS Ile Angleh!> !CORRECTS 2h IN “X" DIRECTION AND 
| Sh IN “¥" DIRECTION. 

Penoffseth2=SQRC2)*#Penn72*COSCAnglehl> !CORRECTS 3h IH “X" DIRECTION AND 
| 2h IN THEG=¥" DIRECTION. 

Penoffseth3#=Penn/2/7TANCAng |] eh2> ICORRECTS th AHD 4h IN THE “X* 
| DIRECTION. 


STEP EIGHT: DEFINE ALL NUMBERED POINTS ON THE DRAWING IN TERNS OF THE 
"X" AND “Y"“ REFERENCE PLANES LISTED ABOVE. 


! 
! 
! 
! 
| 
! THE PEN OFFSET CALCULATIOHS ARE ENTERED HERE. THIS KEEPS THE 
t REFERENCE PLANES FREE OF PEN CORRECTIONS. 

t 

! 


THE FOLLOWING POINTS DEFINE THE FIN-LINE SIDE. 


! 

Kitexct+Penoffset2 e 

K2texXbt+Penn72 'THIS IS FOR THE FINeLINE SIDE OF POINT 2. 
K2at#=xXbt-Penn72 ITHIS IS FOR THE DIELECTRIC TAB SIDE OF POINT 2. 
K3texbet+Penn72 

X4texXht-Penoffsets {THIS IS FOR THE FIN]=LINE SIDE OF POINT 4. 
X4atskht -Penn72 ITHIS IS FOR THE DIELECTRIC TAB SIDE OF POINT 4. 
XStexXot 

X6taxXnt+Penoffsets ITHIS IS FOR THE FIN|LINE SIDE OF POINT 6. 

X6at seknt+Penn’2 {THIS IS FOR THE DIELECTRIC TAB SIDE OF POINT 6. 
X7t#Kut+Penn’2 

X8teXut+Penn’2 

K9Itexut+Penn’2 

Ki8tsXyt+Penoffset?7 

XLitskadt-Penoffseté 

Kl2tskKagte 

Ki3texajrt+tPenoffseté 

Xl4tsXalt-Penn/2 

XiSt#xXalt-Penn’2 

X16teXalt-Penn72 

X17t#eXut-Penoffset?7 

KX18texXr~et-Penoffset7Za 

Xi9tsXdt tTHE PEN OFFSET FOR THE ARC IS DONE WHILE MAKING THE DRAWING. 
K20t sXdt 
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5298 X2itsxft-Penoffset9 — 
S300 X22texXjr-Penoffset9 
S319 X23texXqt+Penoffset? 
S320 X24taxXst+Penoffset?7 
53339 X25t“Xxt+Penoffset7 
33490 X26t"Xaat+Penn’2 

$350 X27t#XaatePenn/2 

S366 X28tsXact+Penoffset?7 
53370 X29tsxXakt+Penn/72 

S38Q0 X30t#Xakt+Penn/2 

53399 X3itsxXabt-Penoftset?7 
534869 X32t8Xzt-Penn72 

53410 X33teXz~-Penn72 

53420 X34teXut-Penoffset? 
5439 X35texrt-Penoftset?7 
53440 X36teXpt-Penoffset? 
3430 XK37t#xkt+Penoffset8 
53460 X38t#xXgt+Penoffset8 
5478 X39t skKdt 

39489 X4Otexat~-Penn2 

59490 X41t=xXat-Penn2 

S5S9O X42t2xXht-Penn/72 

S510 K43t2xXnt+Penn72 

$$20 | 

533539 |! 

5549 1. THE FOLLOWING POINTS DEFINE THE MICROSTRIP SIDE. 
5556 | 

55690 |! 

5335378 X1G1lt=Xat+PennZ2 

S58G X102t"xXbe-Penoffseti 
S599 K1iS3texct-Penoffseti 
S686 *104t #Xet-Penn/2 

5610 X10S5t#Xet-Penn/2 

‘S620 X106t#xXct-Penoffsetil 
S630 X1iO7t=xXbt-Penoffseti 
56489 X1Q@8t #Xat+Penn/2 : 
S650 K109t2Xit+Penn/72 

3660 X116tsxXmt-Penn/2 

3670 X1iilit#sxXmt-Penn72 

S68Q X112t2klt-Penn72 

S690 Ki13t#xXlt-Penn72 

S700 X114t skKkt+Penn72 

S719 XKi1St#kKkt+Penn72 

S720 Ki16t#Xit+Penn72 

S730 X117?t=Xaet+Penoffset3a 
53740 Ki18t#Xait-Penoffset3a 
S750 X119t=#Xaht-Penn72 

3760 Xi120t#Xaht-Penn2 

S770 X1i2it=xXaft+Penn72 

S780 X122tsXaft+Penn’2 

53798 Ki23teXait-Penoffset3a 
S89G0 XK1i24tsXaet+Penoffset3a 
S810 X1i25t2Xaft+Penn’2 

S820 X126t#Xaft+Penns2 

S830 XKi127t #Xaht-Penn/2 

S840 X128t#Xaht-Penn72 

S850 | 

S869 1! THE FOLLOWING POIHTS DEFINE THE HORN. 
S878 Xih=Xdh+#Penoffseth3. 
S880 X2h2#xkbh-Penoffsethi 
S899 X3h#Xah-Penoffseth2 
S988 X4h"#Xch-Penoffseth3 
S919 XSh#Xeh-Penn72 

53920 X6h®kKeh~Penn72 


3938 |! 
5940 | THE FOLLOWING POINTS ARE USED TO MERGE THE MACIC-TEE AND HORN INTO THE 
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1 MONOPULSE SYSTEM. 
X2S5ah=Xxah-Penoffset 7 

X26mh8Xaamh-Penn/2 

X27mh®Xaamh~-Penn/’2 

X26mh#Xacmh-Penoffset?7 

XZimh=Xabmh+Penoffset?7 

XZ2mh2Xzmh+Penn72 

X33mhakzmh+Penn/’2 

X34mh=axXumh+Penoffset 7 

! 

1 THE FOLLOWING POINTS ARE USED TO DRAW THE RULER, BULL’S EYES AND 
1 COMMENTS. 

X1S5O0t=Xat 1LEFT SIDE OF THE RULER. 
XbullleftsXat+.25#In (CENTER OF LEFT BULL’S EYE. 
Xbullright=Xalt-.25#In ICENTER OF RIGHT: BULL’S EYE. 


! 
| 

{ THE FOLLOWING LINES DEFINE THE "“¥" COORDINATES OF THE FIN-LINE SIDE. 
j 

Yitsvot 
Y¥2t2¥ntvi+Penoffsets 
Y2ateY¥nt+Penn/2 
YIvtevVje-Penn72 
Y¥4eusVjt-Penn/72 
Y4atevjt+Penn72 
YStuYat-Penoffset2 
Y6usV¥jri-Penn/2 
Y6atsVjt+Penn72 
¥7tsVjt-Penn72 
Y6rsVYet-Penn72 
Y9ursVYat-Penn/2 
Y¥1OtzYat-Penn/2 
YiiesVYart-Penn/2 
Yi2esYbt-Penoffset4 
Yi3esVYat-Penn72 
Y¥i4dusVYat-Penn/2 
YUIStsyrir.+Penn72 
Yi6rsYor 
Yi7esYer+Penn’2 
Yi8t=sYort 
Y19tsVYot 
Y20t aY¥st-Penn/2 
Y2itsV¥st-Penn/2 
Y22teYut-Penn/2 
Y¥23teYut-Penn/2 
Y¥24teYrt-Penn72 
Y2St2Yrt-Penn/2 
Y26raVit-Penoffset? 
Y27teVYgt-Penoffset?7 
Y28tuVYet-Penn/2 
Y29v sVet-Penn/2 
Y3OuaVYdt+Penn/2 
Y3iteVYdt+Penn72 
Y¥32tarvfrt+Penoffset?7 
Y¥IStevkr.+Penoffset7 
¥34tsVqr+Penn/2 
¥3SteV¥qt+Penn’2 
Y36t #Yut+Penn/2 
Y¥37teVYut+Penn/2 
Y38tsVYpti+Penn/’2 
Y¥39tsYpt+Penns2 
Y¥4OreYot 
Y4ilesY¥nt+Penn72 
Y42ueVYht+Penn72 
Y43teVYht+Penn’2 

1 
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6619 
6628 
6632 
6642 
6658 
6668 


6670. 


6689. 
6699 
6799 
6719 
6729 
6738 
67492 
6758 
6768 
6779 
6788 
6799 
6888 
6819 
6828 
6839 
6840 
68590 
6869 
6879 
6889 
6898 
6908 
6919 
6928 
6930 
6949 
6959 
6968 
6972 
6989 
6998 


7918 
7828 


1 
1 THE FOLLOWING POINTS DEFINE THE MICROSTRIP SIDE. 
Y¥1O1tsYut-Penn72 
Y¥192t2¥ur-Penn72 
Y1O3t8Yxt-Penn2 
Y1904t82Yxt-Penn72 
Y¥1OSt#VYyt+Penn72 
Y106t"Yyt+Penn/2 
Y1O7t#Y¥zt+Penn/2 
Y1O8r2Yzt+Penn2 
¥199t"Yht-Penn72 
Y11OtsVYht-Penn72 
Yi1LitsYjri+Penoffsetl 
Yi12tsY¥mt+Penoffserti 
Y113tsYaat+Penn2 
Y114t*Yaat+Penn’2 
Y115t2Ymt+Penoffserl 
Yilé6étaVjt+Penoffsertl 
Yil7tsVYat-Penn/2 
Y118tsYat-Penn72 
Y119tsYbt+Penoffser3 
Yi20r.s#Vit+Penns2 
Yi2itsvit+Penn72 
YiI22tsYbot+Penoffset3 
Y1I23tsYadt+Penn/2 
Y¥124t8Yadt+Penn’2 
Yi2SrtsYact-Penoffset3 
Yi26tsYabtsPenn72 
Y1l27tsVYabt-Penn/2 
YiI28rsYact-Penoffset3 
! 

Yihs¥en-Penn72 
Y2h"V¥dh-Penoffseth2 
Y3h#Ybh+Penoffsethi 
Y4hsVYah+Penn72 
Y¥Sh#Yah+Penn72 

Y6h2Yot 

! 

! THE FOLLOWING POINTS ARE USED TO MERGE THE MAGIC-TEE AND THE HORN 
! INTO THE MONOPULSE SYSTEM. 
Y2S5mhaYrmh+Penn72 
Y26ah2Y)lmh+Penoffset?7 
Y27mh#Ygmh+Penoffset?7 
Y28mh2VYemh+Penn72 
Y3imh#=Y¥dmh-Penn72 
Y32mh"2Yfmh-Penoffset? 
Y33mhaYkmh-Penoffset?7 
Y34mh8Yqmh-Penn72 ' 

! 

! THE FOLLOWING POINTS ARE USED TO DRAW THE BULL’S EYES. 
YbulltopsYat+2#Space 
Ybullbottom=-Ybul ltopt 


STEP NINES MAKE THE DESIRED DRAWING. 


CENTERS OF THE SUM AND DIFFERENCE MICROSTRIP LINES WOULD CROSS IF 


! 
! 
1! THE CENTER OF THE DRAWING IS Xo,Yo. THIS IS THE POINT WHERE THE 
! 
1! EXTENDED. ALL OF THE DRAWINGS ARE REFERENCED FROM Xo,Yo. 

! 


IF Drauing$="TEE" THEN 7600 ISKIP TO MAGIC-TEE SECTION. 
IF Drawings="“MONO" THEN 8700 ISKIP TO THE MONOPULSE SYSTEM SECTION. 


! 
!1 THIS SECTION DRAWS THE FIN-LINE SIDE OF A SINCLE FIN-LINE HORN. 


i 
IF Stde$="M" THEN 7450 !SKIP TO MICROSTRIP SIDE. 


MOVE Kit, Yit 
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7278 
7288 
7290 
7300 
7310 
7320 
7330 
7340 
7350 
7360 
7378 
7380 
7390 
7409 
7410 
74280 
7430 
74408 
7450 
7460 
74708 
7480 
7498 
7580 
7510 
7328 
73530 
7348 
7558 
73560 
7570 
73588 
73592 
7600 
7612 
. 7620 
7630 
7640 
76358 
7660 
7670 
7688 
7690 
7788 
7718 
7728 
7738 
7740 
77358 


7760, 


7778 
7788 
7790 
7800 
7810 
7820 
7830 
7840 
7838 
7860 
7870 
7880 
7890 
7900 
7918 
7920 


DRAW X2t,Y2teln 
DRAW X3t,Y3telm 
IF Ime-1l#Flip THEN 7330 
DRAW X4t,V4ttIm 
DRAW X5t,YSt4lm 
DRAW X6t,Y6telm 
GOSUB 10250 IDRANS HORN. 
| THE NEXT FEW LINES OUTLINE THE DIELECTRIC TABS TO MATCH THE FIXTURE. 
MOVE X40t,Y40t 

DRAW X410,¥4ieelm 

DRAW X2at,Y2at#lIm 

IF Im=a-1#Fiip THEN 7430 

MOVE X4at,Y4at#lIo 

DRAW X42t,Y42t#Im 

DRAW X43t,Y43teIm 

DRAW X6at,Y6at#lin 

NEXT lmage 

GOTO 757QISKIP MICROSTRIP SIDE. 

|! THIS SECTION .DRAWS THE MICROSTRIP SIDE OF THE THE FIN-LINE HORN. 
MOVE X109t,Y109% 

DRAW X110t,Y110t 

DRAW X1ilit,VYiitir 

DRAW X112t,Y112t 
Ybottomhms=Yot-Jt/72-Qumicrostrip+Penn72 !ONLY POINT UNIQUE TO HORN. 
DRAW X113t, Ybottomhms 

DRAW X114t,Ybottomhms 

DRAW X115t,Y115t 

DRAW X116t,Y116t 

DRAW X109t, 7109 

{ 

NEXT Fill 

GOTO 9380 1! SKIP TO THE RULER SECTION. 

I 

! THIS SECTION DRAWS THE MAGIC=-TEE. 

IF Side$="M"* THEN 8230 ITHIS SKIPS TO MICRO=STRIP SIDE. 

I 

! THIS SECTION DRAWS THE FIN-LINE SIDE OF ve FIN-EINE TEE. 
MOVE Xit,Yit#im 

DRAW X2t,Y2te#Io 

DRAW K3t,Y3telm 

1F ilm=-1#F lip THEN GOTO 7726 

DRAW X4t,7%4t#lm 

DRAW XSt,YSt#lIm 

DRAW X6t,Y6t#Im 

DRAW X7t,Y7t#lIm 

DRAW X8t, Y8t#Im 

DRAW X1Ot,Yiat#elmo 

DRAW X11t,Y1L1it#lm 

DRAW X12t,VYi2t#im 

DRAW X13t,Y13t#Im 

DRAW X14t,Y14t4Im 

DRAW X16t,Y16t#Im 

MOVE X19t=-Mt72+Penn/2,Y19¢t 

FOR Angles89 TO 180 STEP 2 

KeXi9t-CMt72-Penn/2.#SINtAngled 

Yecyvi9ee- Unde srs se COSC ARGe ¢°.2 Flas 

DRAW X,Y 

NEXT Anois 

DRAW X21t,Y2it#elIo 

IF Y22t>Yot THEN GOTO 7900 IKEEPS PEN BETWEEN COUPLED SLOTS. 
Y22t "Yor 

Y23t"Yot 

DRAW X22t,Y22t#Im 

DRAW X23t,Y23t#Im 

DRAW X24t,Y24t alm 
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7938 
7948 
7958 
7960 
7970 
7980 
7990 
8800 
8012 
8028 
8830 
8040 
8850 
8969 
6870 
8089 
8090 
8198 
8118 
8120 


8138 - 


8149 
8158 
8169 
8179 
8180 
8199 
68290 
8210 
8220 
8230 
8242 
8250 
8268 
8279 
8289 
8290 
8300 
8319 
8328 
8330 
8342 
8359 
8368 
8378 
6380 
8399 
8409 
8419 
8429 


84390" 


8442 
8459 
8469 
8470 
8480 
8490 
85280 
8519 
8529 
8539 
8542 
8559 
8568 
8578 
8560 


DRAW X25t,Y2S5tela r 
DRAW X28%,Y26r#Ia 
DRAW X29%,Y29t#Im 

DRAW X30t,Y3O0t#Im 

DRAW X31t,Y31t#Im 

DRAW X34t,Y34t#Im 

DRAW X35t,Y35t#lm 

DRAW X36%t,Y36t#Im 

DRAW X37t,Y37t#Im 

DRAW X36¢,Y36t#lta 

DRAW X39%,Y39t#Im 

FOR Angie#® TO 91 STEP 1 
XeX19t-CMt72+Ht +Penn72). #SINCAngle> 
YeCVl9re Che r2+He +Penn72)4COS (Angie) > #Im 
DRAW X,Y 

NEXT Angle 

MOVE X40t,Y40t 

DRAW X41t,VY4iteln 

DRAW X2at,Y2at#Io 

IF Im=-1#F lip THEN GOTO 8170 

MOVE X4at,Y4ate#lIm 

DRAW X42t,Y42telIm 

DRAW K43t,743teIm 

DRAW X6at,Y6atelIm 

MOVE X1,Y1 


NEXT Image 
GOTO 8560 JFIN-LINE SIDE IS COMPLETE. THIS COMMAND SKIFS ine 


f MICROSTRIP SIDE, AND CONTINUES ON WITH THE PROGRAN. 
! 
! THE FOLLOWING SECTION DRAWS THE MICROSTRIP SIDE OF THE MACIC-TEE,. 
MOVE X101t,Y1Olt 
DRAW X102t,Y102t 
DRAW X163%,7103¢t 
DRAW K104t,Y104¢t 
DRAW X105t,Y10St 
DRAW X106%,Y106t 
DRAW X107t,7107¢t 
DRAW X106t,7Y108t 
DRAW X101t,Y1O1t 
MOVE X109t,Y1O9t#FI1ip 
DRAW X110t,Y1I1Or#Flip 
DRAW X1i11t,Vililta#Flip 
DRAW X112t,VY112teFlip 
DRAW X113t,V1I13t#Flip 
DRAW X114t,Y114t#Flip 
DRAW K115t,Y115t4eF lip 
DRAW X116t,YillereFlip 
DRAW X109t,VYiO9teF lip 
MOVE Xli7t,y¥iize 
DRAW X118t,VY116t 
DRAW K119t,YV119t 
DRAW X120t,7120t 
DRAW X121+t,Y121t 
DRAW X122t, 7122 
DRAW X117¢t,V117¢t 
MOVE X123t,Y123t 
DRAW X124t,Y124¢ 
DRAW X125t,Y125t 
DRAW K126t,Y126t 
DRAW X127t,Y127¢t 
DRAW X126t,Y128t 


DRAW X123t,V123t 
! THIS SECTION IS COMNOHN TO BOTH THE FIN-LINE AND THE MICROSTRIP SIDES. 


! THE NEXT FEW LINES PLACE THE NUMBER OF THE MAGIC TEE NEAR THE DEVICE. 


CSIZE .Q6#In,.5 
MOVE Xvt+Penn, Yeot+. 608Tt+Penn 
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LABEL Title !DRAWS THE NAME OF THE TEE ON THE DEVICE. 


NEXT Fill 
GOTO 9380 !MACIC-TEE IS DONE, SKIP TO THE RULER SECTION. 


! 
! THIS SECTION DRAWS THE FIN-LINE SIDE OF THE MONOPULSE SYSTEM. 


! 

IF Side$=z"M" THEN 9178 ISKIP TO MICROSTRIP SIDE. 

MOVE X1t,Yit#lm 

DRAW X2t,Y2talm 

DRAW X3t,Y3t#eIm 

IF Ima-1#Flip THEN 8738 lIFlip CONTROLS THE LOCATION OF PORT-3. 
DRAW X4t,VY4t#Im 

DRAW X5t,YSt#Im 

DRAW X6t, Y6t#Im 


DRAW X7t,Y7t#Im ITHIS IS THE UPPER LEFT EDGE OF THE FIXTURE. 

DRAW X34mh,V¥34mheIm !THIS IS THE FIRST POINT IN THE MONOPULSE SYSTEM 
| PORTION. 

DRAW X3imh, Y3imh#Im ° 

Imn=Im !1USED TO DRAW HORN CORRECTLY. 

GOSUB 10256 !1DRAW HALF OF THE HORN. 


DRAW X31t,Y31t#Im 

DRAW X34t,Y34t#Im 

DRAW X35t,Y35t#Im 

DRAW X36t,Y36t#Im 

DRAW X37t,Y37t#Im 

DRAW X38t,Y38t#Im 

DRAW X39t,Y39t#eIm 

FOR Angle=@ TO 91 STEP 1 INEXT FIVE LINES DRAW THE LEFT QUARTER ARC. 
KBXLIr—CMe72e+Ht +Penn72.#SIN<Angle)d 

YaCvVi9et+ CMe r2+He +Penn72),#COS<Angle)>#Im 

DRAW X,Y 

NEXT Angle 

MOVE X25mh, Yot IMOVE BACK TO CENTER OF THE MONOPULSE SYSTEM PORTION. 
DRAW X28mh,Y28mhtI a 

Imm=~l#iIm FLIPS Im IN THE HORN SUBROUTINE TO DRAW BOTTOM HALF OF HORN. 
GOSUB 182356 {DRAW BOTTOM HALF OF THE HORH 

DRAW X28t,Y28t#Im !THIS IS THE MAGIC-TEE PORTION AGAIN. 

DRAW X25t,725t4#Im 

DRAW X24t,Y24t 41m 

DRAW X23t,Y23t4Im 

DRAW X22t,Y22telIm 

DRAW X21t,Y2it#lIo 

DRAW X20t,Y20r4#Im 

FOR Angle=@ TO 91 STEP 1 

XaX19t-CMt72-Penn72.#SINCAngle)d 

YecV1i9e+Cht 72-Penn/2)#COS<Angled > #Im 

DRAW X,Y 

NEXT Angle 

MOVE X40t,Y46% 

DRAW X41t,Y¥4it#lto 

DRAW X2at,Y2at#Im 

IF Im=-1#Flip THEN 9156 

MOVE X4at,Y4atalo 

DRAW X42t,V¥42telto 

DRAW X43t,Y¥43t#Im 

DRAW X6at,Y6at#lin 

NEXT Image 

GOTO 9360!ISKIP THE MICROSTRIP SIDE. 
! THIS SECTION DRAWS THE MICROSTRIP SIDE OF THE MONOPULSE SYSTEM. 
MOVE X101t,Y101t 

DRAW X162t,Y102t 

DRAW X163t, 7103 

DRAW X104t,Y104t 

DRAW X105t,Y105t 

DRAW X106t,Y106t 

DRAW X107t,Y107t 
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9378 
9588 
9598 
9699 
9619 
9629 
96390 
9649 
9659 
9669 
9679 
9689 
9698 
9789 
9719 
97290 
9738 
97498 
9759 
9768 
97798 
9789 
9798 
98908 
9819 
9828 
9838 
9840 
9858 
9869 
9879 
9889 
9899 
9909 


DRAW X1908t,Y1908t Z 
DRAW X101t,Y1Git 

MOVE X199t,Y199t 

DRAW X11O0t, Y110t 

DRAW KX1i11t,V11it 

DRAW X112t,VYi1i12t 

DRAW X113t,Y1I13t 

DRAW X114t,¥114t 

DRAW X115t,Y115t 

DRAW X116t, Y116t 

DRAW X189t,Y1909t 

NEXT Fill 

| : 

1 THIS SECTION DRAWS THE RULER AND COMMENTS. 

| 

IF Ruler$="N" THEN 198209 

1 THE NEXT PORTION OF THE PROGRAM DRAWS THE NUMBERS AND COMMENTS BELOW 
| THE RULER. 

LINE TYPE 1 ITHIS RETURNS THE PLOTTER TO A NORMAL HIGH SPEED LINE. 
Penn=Pen 

FOR I21 TO 3#Scale STEP 1 

Penn=.8#PentPenn 


CSIZE .135s1n,.35 1CHEIGHT OF LETTERS), (WIDTH/HEIGHT RATIO) 
MOVE X150t+.85#In+Penn, Yajt-Penn 

LABEL *1* 

MOVE X150t4¢+1.85#In+Penn, Yajt-Penn 

LABEL 2. 

MOVE X150t+2. 85#In+Penn, Yajt-Penn 

CABREL cs: 


IF I>Scale THEN GOTO 98899 

MOVE X150t+Penn, Yakt+Penn 

CSIZE ,98#In,.48 !CHEIGHT OF LETTERS), (WIDTH“HEIGHT RATIO) 
LABEL “WHEN REDUCED TO 1:1 SCALE, THIS“ 

MOVE K150t+Penn, Yalt+Penn 

LABEL "RULER WILL BE EXACTLY IN INCHES." 


1 

1 THE FOLLOWING LINES DRAW THE COMMENTS BETWEEN THE BULL’S EYES. 

MOVE Xbullleft+.2#In+Penn, Ybul ltop+Penn 

LABEL “MAGIC TEE "eTitless" by LCDR ROWLEY" 

' 

1 THE FOLLOWING LINES DRAW THE BULL’S EYES. 

MOVE Xbullleft+Penn, Ybulltop+. 15#IntPenn 

DRAW Xbullleft+Penn, Ybulltop-. O95S#In+Penn 

MOVE Xbullleft-.1#In+Penn, Ybulltop+Pennt. 85#In 

DRAW Xbullleftt+t.l#Iint+Penn, Ybul ltop+Pennt+.9d5#In 

FOR Angle=® TO 368 STEP §S 

DRAW .1#In#COSCAngled +Xbullleft+Penn,.1#tIn*SINCAngled+Y¥bulltop+.@5#In+Penn 

NEXT Angle 

MOVE Xbullright+Penn, Ybulltop+.15#In+Penn 

DRAW Xbullright+Penn, *bulltop-. 85#In+Penn 

MOVE Xbullright-.1#In+Penn, Ybul ltopt+tPennt+., 85#In 

DRAW Xbullright+. l#In+Penn, Ybulltop+Pennt+. O5#In 

FOR Ang=@ TO 368 STEP 5 

DRAW o Te Ine COS Ang) +Xbul right +Penny) - 17 nee OS#Iin+Penn 

NEXT Ang 

NEXT I 

| THE NEXT SEGMENT OF THE PROGRAM DRAWS THE RULER. 

J=i 

Penn=Pen 

FOR I=0 TO 6 STEP 1 

JaJ+! 

X1SOortsxXartt+l#eC. S#Ind 

MOVE X150t+Penn, Yaet {TOP OF THE RUEER: 
1 THE RULER IS DRAWN IN SIX HALF INCH SEGMENTS. THE ODD SEGMENTS START 
1 WITH A LONG IHCH HARK, WHILE THE EVEN SEGMENTS START WITH A SHORTER 
| HALF INCH MARK. THE NEXT SEVEN LINES CONSTRUCT THE FIRST MARK IN EACH 
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9918 
9928 
9930 
9940 
9950 
9960 
9978 
9988 
9999 
10000 
18010 
18020 
18938 
10040 
180835e 
18868 
128870 
1008e 
10890 
18106 
10112 
18120 
10130 
10148 
10150 
18160 
18172 
101890 
128190 
180290 
10210 
18220 
10230 
10248 
18259 
18260 
10270 
10280 
10290 
18308 
103190 
10320 
18330 
10342 
10352 
180368 
19370 
18380 
10390 
10400 
18419 
18428 
18438 
10442 
10450 
10460 
18470 
18480 
18490 
10500 
10510 
18520 
105390 
183540 
185350 
180560 


.IF I83 THEN COTO 9988 


‘| HALF INCH SEGMENT. 


IF I=1 THEN COTO 99880 1SKIPS TO THE HALF INCH MARK LENGTH. 


ISKIPS TO THE HALF INCH MARK LENGTH. 


IF Is5 THEN GOTO 9980 ISKIPS TO THE HALF INCH WARK LCENCTH. 


DRAW X150t+Penn, Yajt ITHIS IS THE INCH MARK (LONGEST LINE). 

IF I=6 THEN GOTO 16150 ITHIS TERMINATES THE RULER AFTER THREE INCHES. 
COTO 128900¢e 'THIS SKIPS THE HALF INCH MARK LCENCTH. 

DRAW X150t+Penn, Yait ITHIS IS THE HALF INCH MARK LENGTH. 


! THE NEXT 14 LINES DRAWS EACH HALF INCH SEGMENT OF THE RULER. 


MOVE X15Ot+Pennt+Sixteenth, Yaet 

DRAW X1S5Ot+PenntSixteenth, Yaft 

MOVE X15O0t+Penn+2#Sixteenth, Yaet 
DRAW X150t+PenntZ2#Sixteenth, Yagt 
MOVE X15Ot+4+Penn+3#Sixteenth, Yaet 
DRAW X1S5Ot+Pennt+3#Sixteenth, Yaft 
MOVE X150v+Penn+4#Sixteenth, Yaet 
DRAW KX150t+Penn+4#Sixteenth, Yaht 
MOVE X150t+PenntS#Sixteenth, Yaet 
DRAW X150t+PenntS#Sixteenth, Yaft 
MOVE K1S50t+Penn+6#Sixteenth, Yaet 
DRAW X150vt+Penn+6#Sixteenth, Yagt 
MOVE X1S5O0t+Penn+7#Sixteenth, Yaset 
DRAW. K1SOt+Penn+7#Sixteenth, Yafr 


NEXT I 


!ITHIS TERMINATES THE PROGRAM WHEN LINES ARE 


ARE THICK ENOUGH. 
THIS SHIFTS THE RULER SLIGHTLY AND REDRANWS 


IF J>8#Scale THEN GOTO 19206 


| 
Penn=Pennt+Pen I 
! IT. THIS MAKES THE LINES THICK ENOUGH, 
GOTO 9849 ! THIS CONTINUES THE LOOP. 
PEN @ ! THE PEN IS PUT BACK IN THE HOLDER. 
MOVE 3008, 590 | THE PEN DRIVE ARM IS HOVED ASIDE. 
STOP 
{ 
[| STEP TEN: HORN SUBROUTINE. 


[ THE FOLLOWING SUBROUTINE DRANS HALF OF THE HORN AT A TIME. 

IF Drawing$=“HORN" THEN 1032G0!SKIP OFFSET FOR SINGLE HORN. 

XoffsXact-Xvut+Lambdad MOVES HORN OPENING ONE WAVELENGTH LEFT OF THE 
| LAST SLOT BEND (MONOHORN ONLY>. 

YoffsC¥e+ette/2>4Im ! MOVES HORN OPENING UP/DOWN TO MATCH SLOTS IN 
! THE MONOPULSE SYSTEM. 

GOTO 10358 ISKIP TG DRAWING ROUTINE. 

Imm=eIm  “INEEDED FOR SINGLE HORN ONLY. 

xoff=#0 LINSURES OFFSETS ARE ZERO FOR SINGLE HORN. 

Yoff=#8 

DRAW Xilh+Xoff, Yih#tIamtYore 

DRAW X2h+Xoff, Y2h#I mmt+VYore 


“4 


DRAW X3h+Xoft, Y3h#Imm+Vore 


DRAW X4h4+Xofrf, Voh#elam+tVore 

IF Drawings="MONO" THEN 10420 
DRAW XSh+Xoff, YSh#tIm+Yorf 
DRAWN X6h+Xoff, YEh#tImtYoff 

! THE NEXT PORTION DRAWS THE DOTTED LINE OF THE 
IF Fill>1! THEN 7439 

LINE TYPE 4,.S5#Scale [DOTTED LINE. 
FOR Beta=0 TO Angleh STEP 1 !BetaCMAX)=Angleh. ° 

[| THE FOLLOWING LINES ARE THE EQUATION THAT DEFINES A PARALLEL 
! PHASE FRONT LENS. 

Aarc=1-COS¢ Beta) 
Barc#1-COS¢<Anglieh) 
Carczl/SQR(Er>-COS(Beta)d 

Dare =COSCAnglehod-17SQR¢(Er) 
Earc=COS(Betade#Cl-SQR¢Er) > 
Brh=BheCAarct+Barc#tCare/Dare)/Eare 
Radh=Bh+Brh+Pen 


[POINTS 5&6 ARE FOR THE SINGLE HORN ONLY. 


LENS ARC. 


[THICKNESS OF LENS. 
!RADIUS FRON Xoh.Yoh TO LENS EDGE. 
! Bh IS RADIUS OF ARC WITHOUT LENS. 


XaresXoh*tRadh#COS¢ Bet ad 1X POSITION OF ARC. 
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18578 
18580 
18598 
19699 
19619 
19629 
186390 
19648 
18658 
18660 


Yarc=Yoh+tRadh#tSInN¢«Betad 1Y POSITION OF ARC. We 
IF Betas® THEN MOVE Xare+Xoff,Yare+Yorf IPOSITIONS PEN FOR ARC. 
DRAW Xaret+xXofrf, YarcklmmtYoff 


NEXT Beta 
IF Drawing##"H" THEN 10650 | FOLLOWING LINES ARE FOR MONOHORN ONLY. 


MOVE X4hexXofrf, Y¢4helmmtYorf |RETURNS DRAWING TO PROPER POINT AFTER LENS IS 


| IS DRAWN. 
LINE TYPE Linenumber,Segmentsize !RETURNS LINE TYPE TO PREVIOUS SETTING. 
RETURN 
END 
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Figure 1 Fin-Line Magic—Tee. 
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Figure 2 Waveguide Magic—Tee. 


Figure 3 Theoretical Magic-Tee Scattering Matrix. 
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Figure 4 Diamond Monopulse Feed. 
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Figure 5 Square Monopulse Feed. 
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Degrees Left(-) and Right(+) of Boresight 
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Computer Simulation of Actual 
Element Pattern. 
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Actual Element Pattern at 11.4 GHZ. 


Figure G6 Simulated and Actual Element Pattern. 
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Spacing between elements of a Monopulse Feed, 
showtng the elements tn phase with each other. 
Each element ts represented by a delta function. 
The element pattern is accounted for later. 


| COS¢X) | 
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X 
=o =2 = 2 I 2 3 


Fourier Transformed Sum Group pattern. 


NOTES: 


1. X=SIN(CTheta)d*(S/Lambda); Theta is the angle 
left(-), or right(+), of the antenna’s boresight. 
‘S’ ts the spacing between the antenna elements. 


2. At +/“- 96 degrees, SIN(Theta) reaches it’s 
maximum value of one. These two pionts are called 
the pattern’s visible limits. They occur where 
X=+/—(1)*%(S/Lambda) on the transformed pattern. 


Figure ? Theoretical Sum Group Pattern. 
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Ivy) 





Spacing between elements of a Monopulse Feed, 
showing the elements out of phase with each other. 
Each element is represented by a delta function. 
The element pattern fs accounted for later. 


| SINCX) | 
i 


X 
= =o =i @ 1 2 3 


Fourter Transformed Difference Group Pattern. 


NOTES: 


1. X=SIN(Theta)*(S/Lambda); Theta is the angle 
left(-), or right(+), of the antenna’s bore sight. 
*S’ {s the spacing between the antenna elements. 


2. At +”“- 390 degrees, SIN(Theta) reaches it’s 
maximum value of one. These two pionts are called 
the pattern’s visible limits. They occur where 
X=+/-(1)%(S/Lambda) on the transformed pattern. 


Figure 8 Theoretical Difference Group Pattern. 


(T 


Degrees Left(-) and Right(+) of Boresight 


GAIN 
GAIN 


GAIN 


GAIN 


pope qenn nd fon-cene nn ne -2-9-5--} fo -4-4--7-. GAIN 





a Tae 


Group Pattern, 








To een dB GAIN 
ip Vaaaaleae vtaraataiabintartaran wt) el8) a 


ba----.-13 dB GAIN 


Sum Pattern 


Figure S Theoretical Sum Pattern. 
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Figure 160 Theoretical Difference Pattern. 
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Figure !{{1 Bilateral Fin=tline. 
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Figure 12 Slotline Impedance. 
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Figure 13 Slotline Wavelength. 
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Normalized Coupled Slotline Impedance. 


Figure 14 
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Figure 15 Original Fixture Design. 
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=ji6a - j823 + {884 + {886 
.222e .823€ .462e .318e 

- {232 -4148 -4178 — j828 
. 8322 .269€ .314e .192e 

- j228 -j179 — jaa - 4263 
.487e .313e .132e .877€ 

— jaa2 +jQ1? - ja42 +4162 


-316€ 2776 8528 ~ 154€ 


This data was taken on an HP 84839B 
Vector Network Analyzer at 18 GHZ. 


This matrix is corrected for uneven 
transmission line lengths caused by 
launcher placement and fixture design. 
1@ degrees is added to port-l1, 84 
degrees is subtracted from port-3 and 
22 degrees is added to port-4. The 
corrections are uniform throughout the 
matrix. 


Figure 16 S-Matrix for Magic-Tee Number Two. 
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~j157 + j246 + {885 + {884 
4526 > .a42e » .473e 7 .327e © 

+ j842 —4169 —4173 — {889 
. 128e .483e .292e .419e 

— j8a8 - 4182 + 4824 +jB12 
.442e 2822 .435e .846e 

— {887 + jQ83 +jQ11 + j2a8 
.385e .376e .848e .172e 


This data was taken on an HP 84989B 
Vector Network Analyzer at 11.4 GHZ. 


This matrix is corrected for uneven 
transmission line lengths caused by 
launcher placement and fixture design. 
106 degrees is added to port-1, 122 
degrees is added to port-2 and 188 
degrees is added to port-3. Ths 
corrections are uniform throughout the 
matrix. 


Figure 17 S-Matrix for Magic~lee Numbsrpalagess 
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Figure 18 Sill Phase and Magnitude for Magic-Tee Three. 
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Figure 19 Sl2 Phase and Magnitude for Magic-Tee Three. 
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Figure 2@ S13 Phase and Magnitude for Magic-Tee Three. 
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Figure 21 S!4 Phase and Magnitude for Magic-Tee Three. 
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Figure 22 S2i Phase and Magnitude for Magic-Tee Three. 
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Figure 23 S22 Phase and Magnitude for Magic-Tee Three. 


92 


MAGlLO=TEe ko COR cemurrens) ~4 


.S] 
tl 
fom 
I 
N 
ui 


seem rk gL 


-160.83 
6OB8.aGe 460.0000 MHz~O[V 12000.000 


eT Eo ee Li 





NGGiCe PEE 3 JeRORT =e. 10 PORT =3 


LAP cae EW. Apt Reh VAT NS at OW ah hag he CAS P Aen Pom 8 St eh AIMS a m 


$i2-DB LOSS 


316.60 
8eB0.a6V0 400.8006 MHz~OIV 12¢00G.000 





Fi, r) AR 


Figure 24 S23 Phase and Magnitude for Magic-Tee Three. 
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Figure 25 S24 Phase and Magnitude for Magic-Tee Three. 
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Figure 26 S31 Phase and Magnitude for Magic-Tee Three. 
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Figure 27 S32 Phase and Magnitude for Magic-Tee Three. 


96 


MAGTC=TEE CSD eECRI=saiOrwr OR tes 


S11-DEG 


-108.04 


SHON A SNRCK MACRO FEI HELI EE, 


~1800.0 
686890 .000 400.G€900 MNHz~OIV 12008. 088 


MAIGGIC-TEE (3) PORT-3 TO PORT-4 


WF AZINE TOG SSS wr ilge nd Eee Oe EP 


eye, 


$11-DB LOSS 


OS SP SIP EN I Gh OT GELLER LIES 2 1S Soe 


25.069 
8680 .a00 400.@000 MHz~DIV 12980.9088 





Figure 28 S33 Phase and Magnitude for Magic~-Tee Three. 
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Figure 239 S34 Phase and Magnitude for Magic-Tee Three. 


98 


NAGCCeTEE (3) PORTaileeiOnPORTSa4 


S21-DEG 


-160.0 
80900.020 400.0000 MNHz~DIV 1°060.006 


MAGIC-TEE (3) PORT-1 TO PORT-4 


NOTE be FEM OR es BB ZOE og ROP NG Lee 


S$21-DB LOSS 


18.09 
8608 .980 400.9006 MHz~DIVv 12800.900 





2 


Figure 38 S41 Phase and Magnitude for Magic-Tee Three. 
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Figure 31 S42 Phase and Magnitude for Magic-Tee Three. 


100 


MAGEE- TEE S837 5FORI-—s 10 FPORI-s¢ 


S21-DEG 


868¢8.dee 400.0000 MHz~DIV 120606.0600 


MAGIC-TEE (3) PORT~3 TO PORT-4 


S$21-DB LOSS 


_ \i\M 


68080 .9060 400.0€000 MHz-~DIV 1°28U0.6006 








Figure 32 S43 Phase and Magnitude for Magic-Tee Three. 
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Figure 33 S44 Phase and Magnitude for Magic-Tee Three. 


Le? 





eee eee 


7 

» 

«& 
wt 

e 

os 
an 
Fx 

, 9 
Var 
Se 


SEMAN GREE El No erage 




































Sac ed 


on == =p 
=a mem a 


Ls 
aS 
"340g ecUuBlVBessi¢ 4 
:. 
*] 


*ad,uzeoudtW 


YOLBANBdDWOD SS INdONOW SNIINI4 




















A 


, eo ee 
Le eee rer ae ee eee eT 





ee TY ee a Te "y oe eae Te Ee en » sap al aeive £, ¢ 7 har eBa’: 
PRE ATR IPRA A NED et es Sin Si Slat 


Fin-Line Monopulse System. 


Figure 34 


103 


“gy ‘got # Ar }e. Pra. 
aye A _ 


iat DW Ie 


iat me. 


ro 


ators i yy « 


Oe ee ee = see me eee te 8 ee ee . me 


— Frequency 11.4 Gt 
Plane H 


- Gain 4.8 dB ‘ 
Beam Width 96.8 deg. |f 


ey =. | a) ae eal Reduller Standardil eo ~¥ 


7 Ps Vb Gatn Horn. 


mT ! rea, Finline Horn I ae 
FETA HEF i u sacra 


: 
. 

: ® 
efe-s e 
5 


U 
| 


4 
: 
~ 
e 


‘ Oy) 
Ht et 


a z 
eee vy FET a ae hE ee 

1 v ee 4 
a 
1 
vie 
i Ss 





Figure 35 H-Plane Element Pattern. 
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Figure 36 E-Plane System Pattern. 
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Figure 37 H-Plane System Pattern. 
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Figure 38 Simulated Sum Pattern. 
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Figure 48 Depth of the Difference Null. 


109 


*eeeoeeeeaepeeeeeeeeaetee een seh @ 


S3INI1T G3alLod SHL NASML3¢d 
§3349530 B66 SLYUYLSANS ANI 


(d+3)-(@+H) I 
HLNWIZY 


eoeev¢eceesr*eeeeeeeeseeee set @e@eeee 


oeoteeee teeeeeeeeeeweeeeeeaeeeaeda ef 





SUM AZIMUTH 


(d+8)-(3+H) 
=(0-3) +(d-) 
NOTLYAI13 





ELEVATION 


Plane Fin-Line Monopulse System. 


Dual 


Figure 41 


110 


PJ 


ae 


(2 ¢ 


7 s 


oo 


? » 


is 


AVLOMLEOS 
Laborato 


La) eee 


Laboratory, 
ries Report F 


@ REPRE NCES 


Air Foree Wright Aeronautical 
B84-1L08711, Microweve Receivers 


OOF 04-008 09 OFF MIFREPGE G2 Of GOOF C2.FEEET OEEREPS OFF 9 OF 0 FO OTT 9 OOo HO ODOF EES OA OF OD CDOS OOD ETHOD 


and Related Components, by J-B. Tsui, 1983. 


cefalas, 
"Trensai 
Skolrmiik. > 
MeGraw-H 


SYrLeos, 
WavegQniLd 


Ge Fe, aricdd W 
S56 10m Limes, 

Meme lcs? tC) 
lela EOOt Ua. 3 


iltse, J. C+, Chap. 8B, 

Components, and Devices," 

r-ian-Cnief), Ratiar Hendnaook + 
Ne AVE 


H., Crossland. De, and Van Weck, B.. "Flamer 


@e Yields MM-W 


ave Monopulse Comparators," 


Reprinted from Microwaves @ RF, March 1954. 


ALLaWws » 
Coup Led 


Me; amd Ogaws 
Slot Lines," 


ite ceneidemG Meqgie-T sine 
TEER Transactions On Microwave 


C000 Coe 8 BESS OFF 08 9 OES 0008 OF OS O00 OFT ED 0000090 CONTE Met OME EAREY OFS God feb OOO FS Od HEED FES CO ODIOESS OOO Mab Cad Oo HI) EDGES EeiK> OOS Kh OED F999 OES 1 0 0S 999 90D S94 OOO0O 


Theory And Techniaues, Yol., MTT-25, No. 6) Juma Loo, 


0000 COS REO STOTT 0 OD SREEDTHO SD TEE DODOOSS CON C0000 


Hest, Me 
Fostarad 


(Serica » 


Pens tne Morr 


Wate School, 


(} + F * + M it CT OW 


28 Oo SD OES Ob OE oo OC On oe Com 


Farogmon Fress, 1984, 


LD UCi fine) 
Chnnape “£1 
LoChiet 


JOT sri, 
Weves ar 


00 000 CEE SS PPE a £0 08000 CAPTORS ESS 000 OO OTD 


L?é6a. 
eye) ee 
Erooks/C 


ilies ae hs 


f 


Lames ar 


0 00004000 0% O04 Ero 0000 CUES EOS ONE SORER OOS 


ee, ae 
She "M23 « 


be +26) 1 ES cL 


HH, + Howat a $ 
ee a le ise Fe 


»» Radar Hane 


(0 O00 0 250 GHP O00 00 4 00 00 Owe O00 00 0 O08 O00 00 COTES ED OOD 


Be, Ce, and Es 


Od Radiating 5 


Si Ges conc cseaes oosds ot ons Sesto eusccnct woes sete anaftloase 


Gee Bri Kone 
Ole Enae.meer i. 


OS a Bis pe a 
dW plotlines» 

fig obs 4 6 sed. Fe) 
ome for Farichk 


» Me. Ss. Thesis, Navel 
Momterey, LYE. 


ave Emoineering Ana Applications » 


C0 COO VETO l FOP CO SOt OF GEd ROOTS t 0004 0008 090 8 Ons S00 00 O50 o0 200 woe 8809 0 Saint OF CODCOD SOOSS EEQEGES © OOLS OF OPTS OS CHES Hm O0F 08 CoS EOS HOSS FH5 O59 99800 OM SED CO 0e 


Deeds, esha Fernletorn; Ke He > 
lasts peo eotmniee Ms Ly K<Emitor- 
HOt teers rit)  maor Cos, LY7t, 


Get Oe te ee 


ImMain, Ke Go, Electromagnetic 


4 
ystems, Frenmntice-Hall. Ime. , 


» wee Applied Electromagnetism, 


00 00 84 Oat +0 09s 008 Ene 00 COwe =o 00001 08 SEES OF COE S OA OED Cut 008 Gt 6 OOO Ot OOS Ot Oot Gut oH © Pe 


ep anc Benl, ©, Jes Microstrip 
Artech House, TIme.e, i979, 
efer, W, J. Ko. "“Empirtosl 

ime Desren,' TEER Transactions 


00 OE 00 Od 0 O08 0 OR SES ORSED 68 O50 09 OHH +8 FESS HT OO RHED SS ESS OS EEDSOS OF O00 GSES SOC OFES IOS 


O00 00 EARS 4 OS OFT OS OOF ONES OOOO OO ED OF SHEDS O08 OF COO SS OTS OS Od BES EEET HOO Cort Eps OE SEO OOF 12 SSO EHRD OSC ES SOS BOOED 9G OF OO ES Hab COED OO) COO EN HHO OE OH Ces Se et a 


Mo. 4, A 


MeLer, 
COMP Oren 


oo od THO SCe Ede? Soteees ouectegeene: 


Bit io s 


eerie $ "Tritia CT: 


ated Fin-hine Millimeter 


oe eee. bpesrisect Lome Om Microwave Theor enc 


ee ee ree 


eg, Vol. ATT- 


weorroce 


SOOO © id OF eb > OOO S ES FOSS O OED SOO DFEE OS O00 OOS 002 0000 0S OOS OP OEE OO OOOES SESETODS SESS OO OOS 2 09 0 O80 OOOO OS CED OSS EES OS NS SSR SETEE SEH ST TSN OOS Od 000000" Wifoe gewmccscoterseeser ” 


22, NO. 12, Decemnaar 1974, 


ie 


ioe 


bas 


alee 


‘morr, J. B., amd Kuchler, Ke, “Amalysis of Coupled 
Slots amd Coplanar Strips on Dielectric Substrate," 


(mR me en erent Sm rR BERS ORES trent el tat SW or SS RE Oe St iy OME ine ee C= Se 


is MTT-23; NO. Var duds NEP Aadieny 


Knorr, ds Bs, “SlOt=-Line Tremenieione ee 


Transactions On Microwave Theory Amd Techmigques, Vol. 
M1iT-22,5, NOs 9s, Moe ie. 


Kuchler, Ke, Hymrid Mode Analysis of Coplaner 


0 SD a me 8 Oe eee OR a eet he ees OF te ee os 


Tramsmission Limes, FPh.D. Thesis, Naval Fostaraduate 


(REPRE eR ea OE RO aE GREE ROE MERGER SO Ee am ORC ee OS eee 


Sehool., Monterey, 1975, 


Cobhr, Mes, and otners, "Slot-Line Characteristics”, 


90 we 8 OS OR OE he ae) Cte eee OO Re Se OO ETO Ee te 0 6 Oh PUES OO ETH OHO CCDC ED SOD OO HED CE PRS Cee Sem dart = to 00 cere 8s SPO ee oS gee Oe 


Theory And Techniques, Yol. MTT-17%; No. 12, December 


Ce heed hed Re OO 2a C0 Som OO FUEE 0 OO 0 OO F98 eES 9 ED COR We we OTTER COR we Ome C TOE TT Oca ange OTST COR 


Sead, T. Se, Microwave EnoLimeer’s Hamecihook, Vol. Te 


° 
ceuea saad nin Kaa bon ons os Gh an BORGES on 560508 ean beeentd caumsceestl Ls uns webs Ob 565 Gn OA ce oh6 G6 en4 rang nie eee sete par ciniee se GbR geese senor cua ta wisenaieioe 


Artech Howse, Tmee, 19/71. 


Banks, TL. de, amd Gare, Re, "A Desiener’s Guide To 
Stripline Circuits," Microwaves, January 1978, 


2 OOD CV F006 OF FEE EE OER 08 09 EPENS CO TET OOTY DEED BH 


TZ 


3. 


4. 


Ge 


INITIAL OISTRIEUTION LIST 


Defense Technical Information Center 
Cameron Station 


Alexandria, 


Virginis 22 


Library, Code 0142 
Navel Fosteraduate School 
Monterey, California 93943-5100 


Department Chairman, 


304-6145 


Code 62 


No, 


Department of Electrical and Computer Engineering 
Navel Fosteraduate School 
Monterey, California 93943-3100 


Professor Jefferey E. 


<norr, Code 62Ko 


Department of Electrical and Computer Engineerine 


Naval Fosteraduate 


School 


Monterey, Califormis 93943-5100 


Professor Hura Mou Lee, 
Department of Electrical and Computer 
Naval Fosteraduate School 

Monterey, California 93943-5100 


Professor Lonnie A. 


Code 62Lh 


Wilson, Code 62Wi 


EmQinmneerirnag 


Department of Electrical amd Computer Emgqineerima 
Naval Fosteraduate School 
Monterey, Californias 93943-5100 


LCDR Mumtaznm~ul-Haq FN 
4 Chrsubur ji Pare. 
Multan Road Lahore 


Pakistan 


LCDR James W. Rowley 
6691 675th Avenue West 


Oak Harbor, 


Washinatonis, 


Tp aU ET ATU ie a 


eles 


Copies 


2 


hh 


hS 


hr 


rh 














Thesis | an SS: 

R81893 = Rowley 

ae Desien, construction 
and testing of a proto- 
type fin-line magic- 
tee and fin-line mono- 
pulse system suitable 
for millimeter-wave 
application. 
































































= 
° ° 
° es 
° ee 

* « eo 

. ss x 
“ 
a - : 
- . e« 
baad ° = © ’ a 4 
= s c 

ee « « : - © 

bid e #« 7 8 = o oat s 2 © » . 2 

af ° sein » ~ * > * . ad sf a - ae ad 

° “. > ° F cs - ° -. « 
7 ° & ° « -. = . 
- - - r) - Pp ¥ ° ‘e - 
ey Sea a ; as z 6 . ° p 
« e 2 ° . é 3 = a 
° 
= ® . 4 aiate = ‘ e ~e @, a - fa 2 ~ = 
- aa ’ v@ © ef é - aid * . 
53 he . - bs eee = 4 oe e 
ae ° 
- a = ? a pare ° ee 2 - 
. =~ we é ° ‘ 4 ¢ ad be o"e 2 +2 = 
: 4 « e « ¥ 6 . = ba ° ~ a 
. er = 3. = e 
e . = ie . * 
‘ a6 ‘ e e . » ovo - 
: ba re ° « - « «° a - - : as e 
Ng ~ bs , cat ° me "7 “ fh wae a - « 
‘ ‘ ees a « oa . é * pes ee BS Ate ~* P é .~ 2 
ie a a bs ‘ 2 a - a e ~~ « @ Re ae y F - - “ 
md Ee — - a0*8 “~ + ze » - - : - of = 
Jee: « - ~ e wo 7 , ° Cd Pe ed = = ane 
ite a e = e PS a nd = * ae . ¢ phe fe a e -« y Ae mes P - ww” 
e = he > =? eo e ea tn e << ¥ ae S ae o- i oe - 
ss ; ins excite , ae 7. ; .e > a = ore a ¢ sd ” 
‘ se 
. ” . eS mieue Osi ee eet fans ‘ e ; ; Aa or - ‘ tA zs ° ee wa ° ‘ s we 
Payers i» Oey een < 7 * e Al = wr © " > oT) oe ote = ee" =< Phe) om 
Men OS PM Bae ee met azar @ ~ = — dace One - . , 7 x 2 rs ™ - * * 5 vue “ eas aera ” 
m ® + Me “ »~o = o.& ay ey ae | : P rr Ls ‘i ad 7 * “my we ” eige i » & = - » © 2%? 
=~ - = 7 »¢ =e - ce . ~ — - é e « Sal a Scenes 
ee! 2 * ~~ é é = ne & ape “ ote Ceeee = ae 

“mn =< gees? ade ae ee =~ a er & ; - she Ps mee “a *. pose eage @. 

en. wane es ° « on den* ~ °« i ~~ & ~ a 4 7 PL me a o.oo t we ° . =: ee wa ve ne” As ; ws a 

. ~~ ~~ ows ge * ee a A Uqsedwe -S 8 wth @ si Ae® v* aa an o ‘ o = oc ggatatas = * > i = oa aga 
aes —~4 w open my, 00 edn Com WHF Ee P = lames og a ap ay ss : -~ . a oe rete ewe ard pial SG : - ie a = ed 
ss tet ° oa Pun 9&6" Fe a, City, an a ne oy ty tee du dy 3 ude F i rt z . : F . 4 P a ahs he aor ae 4 as e e ° oes -. 

ER ‘ ae eee atetere™ = ee : be & — a a > Same ae we eer . m ” tw re ze °« “e 2 : ad aia oat o -% = 
ae ah a * = ee eto Me My Om * wae %« ae & da ty te 3M Ce Ao a es A =f 6 ow y . . 4 s = - vier se . a 
wan eo™ oe. caeree 6% efuAye= set =O « ot * ° Y : : pe - . ‘ 2 = a +‘'” 2 %e* x «gu - 
wee te® Ftp oneness anda o em NHS PND eenmyr. “Meee ate “ Soe = S & ot i . . wv ome ° P ; { + ” own les aoe ee ee *, ne a fas tea od 
é : nae ae —— Rona rat. a? me ** ey & 5 ~ ebCen ade . . wry . J i ‘i - np wee Pe ne * Sie begs tee cage a eee el or mie = 
5 i mane ests ye Meese « ed. ot dye meet. ccs Fee eta yt tu were * Ss * . « o Ow P z a 7 . . s es =: te - — a one ~2 
oo en Been cate ong tafe OU rr s no = = hen ° se Y . . > é we e yo ene a FHP? Me . i it be in = = nae om “a 
é r~ . 45 e0 a = z 
bites i. pea td = my Fe “ See Oe hee Oy BAe Fateh OOl OTe H* ate Os" pee é are ee eS a o : ae et oe © ~ oe : . eT we tee i Seer ane 

wen . = ne ee afee oe S Lordy ety oe es &™ T-aenmente 4 PR s 4 pa 7 « ~ r J oo an ae . « , eons wee a + FT all _- = “e A “ue ee Fn ~~ hit - vow 22 ane md 

oot ae cea © & ae ,F vo* oes oe Sige ata CLAM Co eende® ges : A é > ae eget ode &* et 2 re. Pa . P » %, 70g a bd = ~~ Capra —=* - o. 
. a fa em . te «0 - s . *. s ; ; 

_ Bea a ees so Sie rere cep nant EEE da 0.0 28 Ov Gass B MB ol ate WS « utut “ ° —— és a ‘ . - jy om - wt “ ws ¢ > a a», : aPd — valgerae ee we eoeee” ian) oo an me ee 
. — ees Pe ig tgtg e tyr Se Me a led qh eee ee © tein? ‘«<é Pee ee Ri zd ae me & < é J a “4 ’ as i o we = : a= engine oa “woo ~~ pipes uae ~o*" 
> ac eg Oyo & 5 SE Ce te Pe, oy, 54 me 2 & ’ fn Oy & = ey note a : Y Sos 1 ’ we ve te tee om - - ag ees pape . Ee ries ow =” 
po Ome © re per ie Sar oe sae argent ae er - we « . ip Ae Seal + tl 4 at i ealy fiers ° re ~ 6 c w - oe ay « | ed fiom mere * fet = ——" . iw _ mw en al . Pt an 2 at? * 

A c. cot wetatts* Pa ae etna 1 eg ee gen Ae om = aw © tuber Gye & a a 3 we lef « - oe ve oes Arne Fy. & de ~-s eres a yegartie ne «o* Ae Oo“, arene 

sifac = plied pte - = ee oF Sete - ee SoM Hower, qe Th ope mm . — ety BRM . ae % 2 ta ' a * oman o wo wore ¢ e Perr se oaP ogee avr ae sae nom «@ 

pi » aa zl e 2 (ae aye, Sg! ae Ene ~e * fee és Ge C, ecw He Gn le Se & MyM* ase Give? &, dy 2 ; Cie ape Z * % ve € . ° . asx rere & va r ae ve ° a we e- e«* o® “w yp eg wee oe aap ay Gs -oiRt Lnear = oe Pi ee a ao, 7 gee ba 
m9" si as a pore sem auses He Ao els 4 Becete 10 Sy My are MAYS Sn Fan Fore ™ whe & , wall, Cy tga = TeS vated aa jai . ot : ’ ove ow é 4 ee ~ws ids oA ¢ es. w baie pean HF pee ee? ge ees Be 7 2 “ww « 

a a Se - ea deymaseede, “OL mete, RA Myintem ee FO Hesune oe Ww & MA ee, Sow PIR ; of? : sa ef - 0 ofte He Pegs © tw i ded owe? _ ate end , * - vee. ke, ene oe gna ve Ms ait aa I 

Se aa eS ee > ty cote, oe OSs v= sites Sygate ee BAF mae Meee t aqcnen % aie ae @ = * . ; e * a . owt ve - 6. nt dogs a > ea ot pareeen = we . oo eafecs 5 tian a =. @ c mf oe eee ieee = =, 

Pate: veo eg =, ty oxy HOE o OS er te ei ee AMEE AAT OOK eget iq ty at batty wh hh wa ay ie me Py 9 tee : ww me eae ™\% - te - erty » -_ pce a a gute yore bate s 4 yeas 4 le oo ee o wwe 

eapapeet ae EPLBYOUH. . corQay me, fe" an de enty we aan Fey WE CYH oy Be We. 00. Pe tutan fay »Pelyt 4 z 3 # D » [ = “A r ony OP % : | lage aapnysete ° eva PE nage ore” ale — HOt £0, Oe am aw 

, ae oe ear a pe te eufes HONS A SRR Meme HR F08y "| OAS we aoe bub ey Siss rid 2 = an ; bn 4 ‘ <> pes Fo 4 ae fa tag PS gina s fra ft * dee a? tye asigenev sree “ Be phage a om - =m ©2 gS ames” P - “ 

my ccontne. ibaa oe se ee ee oFut™ ge Ta gee, Ce NTE Pou ee™ he Pores 00 m a ; a Al am at gira ai 7 % a J . » “ bs rat o 7. oe e se ee e rts yee gus Tee P ie 4 joann 6 nae oan oad ~ anys = Ag FF a poe aint m= 
Sega me Ae oar gee Aca wreaenngfity “Rete PRO e, PNT OR oa, e ee pee way CSS 3 rape Rese 3 - ot ag ea ~ te : poo pio y oe soe sane von ee = ae Aap ir aye ft ee # oe ofan Oe af oes 

“ a “ a dybetcenat antec SoM Rice temetecs ae ee Te Katy Meng rp ee Ne we X - we . r y ys = eo Peete pote eka PO Sg am eS ow mepese amen” eer ae So POOP, 

ae ae mean Beye oe furor aware © tate rds ep Ne a 4 "a r ¢ BO ae and he ip gins oy ae ? on ome = ga pag ies coe o a ce aed whe oO A a= 
myaure © meee Se 1 OR Patty et yOu Arn 8 tatnth wt e 7 “ors fra, fw” - -4 ug? @* ey oem , p oe: ere aon ~ re ne go Fe" ONS ed om © ay ee pT a ey 
ethfiy tosh. rade My et, Mt A» Wake - ig als « ye ty mm % Sphene Wow ee um : rd ie ts ee : 4 a ~ f al ead aoe & Sotbarve f fun os, mee eS “ Se F PPO lees ews oer e™ 2 ecna ey? gorges api pao gy ee : Sg 
> ee nan a harsher aR SE Re Api a> wPudetored Rov Vs das se € Apna % a Oe si hee a ; A ne ne phe -¢ ‘ - oP A Die ci <om < mgs adult te : acer ily oe —Seg epee Ee OY ow 
2. yo << re ae MOQ Ci w =n” fing Me on Sag aso a Ne orn tay eae Varad oft at yee Ae x e mgs - , yu ae wo Pah ee «< fag? ae: * or r ud x gas ce an apogu to 0 0ghe peng Hee rm 4 go pa os ge a aeaprd Ce ad e 
pp = ov us ey 6 Pur Oo My Be Cty egw ata ty Fre panty wot aft Mee es: really ae or : bes : aH nen + a ” , » . 4 é # r Reages 8 OP PT. ad Oat peg one S 4 sg i seco puree” rr a ry Lipa F oe ae at aw amyeyyns “a 
om : a + Pt aieett ee ep wade De oO Oey eee mental! € eae ng ee beh om > dell Pile _ an e pistes Het AACE S = oaighpag tae Odi are ‘ Amine © fer a pay aed pagprg st fof 06d Lote age pune 6 Lew peers 
= * rarest “a gale pt oe pie ts ea see ir He Gomes Body Sete ye Mm wed ‘ br wet =p ea “¢ pup ge Mee” 0 te Fee os > y ar” ae get engin apoer CFremaer ot aan ogerres “WA « a0 ee ON 
~~ = = = % beget th < "es . alpen plies one eh %o Hye 5 Sat A set“ wre ers & te viele BP Put ; - < ? « ~ . w rd . Pol te Letmend 7 ¥ 4 or fer te s- eerste rr gi see . w se wee ee a ae © oo re enter a apoed pages ie re s emee= =a” Ain : “ies 
© : = <= 5 ; ate aan Gate AS © AA Susy ere%e. MOTs Se retin Parana O0 Me! : we a vente ae PP aes ake Gaerne - eter re og Boll EON Nag per PB mee Now ae ie S SS Aaa marae 0 ey rae we peat 6 
= ——_ \ 26 oy St ig Se Pag Oe WAY TING behege Pet let. “eS > et 4 PNW ~ , tos ate , pee ee rd “ y we egias Sf fore, wan ater tsa S on MN OF" rm eof te, se pun ge ee ; Sas a OO 
Oe ad we <9 % Re °e ~ Y oe fie? bs at Oe 8 pn pagent Lor 
m= te my SoBe > EN me teterys we RO WNNUEN SY tp Se ody hey ap he ee wr bedeteet # ene wy ag . “ aad ae toe al 6 psd an*. ry os ‘ Peer? @! é pret a fee Depp bd ve oak sep pee | sont Aeees ope sateyed* wan foot Vix, af pies nant ee ee ee = : 
> ws a“ wh eqriwand sure oP A LPO A Mace eel Fe Sete Dye tey © Sc gireanaee de ma ater $i ors ~ é — ? nae any » = ~ ee ~ fog ogtes reget ceo ge sae Fe ears ne owt sed ST apace i 2 a or ae @ Sen POLIO em ore © on wm peat (ene ae 
[= = = ( ¥ ) an rks earls mo hg Me teiaMe YF ry Mee aw ME, CU 80S P ps of = x vo yar prog ed ‘a ied - ve yas ta) eae cohen OPS Se wr . “ PePme eE wo eeness 4 wee OT meets 10S eee) nal 7pm om een" 
=————— «% sae armen, was? = oy Me Ae SO i Ser ew, vw ete eee ek or ve" gous ated oe - rp 0 * we «se a pa ¥ — a* * « ~ x ‘ . <- Sod Te anes are” G0 + pe oe ae ST afer ee hfe PT age syn Fe peers OME _ se SF ee go i a of, 7 Tm 
7 —_—_—_—_——_—_—_ co < pane ere soley ated setae’ oe © tg. Prr a ante ees oth. Ht ere? Se eh Sh "tO wet é sae - oPay eS = : - ths * : 4 a mi we ms io gree te read or = 4 par ee we pent me 5 ow == =a rsh a enn rene ad gut Owed a2 
: ; ftatytet eit eyed, 200 te tae ee PoP ora ey tee Ben Pen te Diy « Foe eae, Seyret mers : Fue® oboe te of ee aw 2 Ped we * hen tone eee FOF - ' 2. ete + ee w ” rae gtyts* pe fear a a a aaa ~ saad gig ore™ pap *9Fe me oo mw OS eee 09 008, 
@m = = ™ a Me say Fm ate Peis eNue Te erh 02 YER Heel: Hien IWF Pali bac te bwferd et s9 mail bee 4 wernt aaa wb a Ardbot 9" ba F tase rw sales voasho pape! eek P che ae rad 2 pe Pee h I OP ee TY ge Ghd tag= eon dency BNET pion Lente masts Seige pate EN ane ferent 
on faa) ~ coqtety tereth Gawamre tute BPOIOT LO STS 0, Pe om eye Sy beta POE abt a art ma 4 za ats > a pabaat rt >4 PL Fe Fd diteidne tell fae Ayre we se Cs a OOS gt arte Te = Spd x Spe — tuyere oo aes poem gett POS. _ oan we ee es — 
——— CO ‘ “ ven Su teChe ores > Hate On® iw susie pears * yd Sy Hy in tet, ee . Py ° * yoy A a tee 0 egntrcae for © oo Pe aes oye ate Ne AP AL Past Prese 50 fig MIM. Oe hes i ate pq Oey ae * Be paren gue ate 
= a= 7 , 4 owe . f P . a b ¢ 2 ? ‘ Stat . . favq og egugor oF puso ~ nag 0 gegen a 
S = — cpap eh PE re Fons hin, 0 Minn TS nota s Sees UE Spore wn Mate ai on ape “ = + pte edd nee for ere sh Se og or smd —.. ae “4 ene? oe oes = s Bee o ’ ap eon Oe 4 bpiges a 2 a er wearer & a ot oP pp ke pie ann et J end = 
id ) — p- re Py len aly wah my © jhe osa™ oral er oor" « ra % heel z “— P ; ‘ # u a adel ted : A — 4 arn e uae ore FS ou r- Pr ae id 
= Cu io@ ‘ Z Ly “eur yar pute vow ws xf. weg ag “ ’ ie yt fuon ,e he . et a a o Paper? wow & Y ot ~ a feghtgs  & an apn ghd pa ap one oP 
om = ee evans LO eas Im aries eee SS ~~ ran ae} wer ~ ee ip ‘ e ae . re ie ’ ; aor od ’ 4 ow rir pas pee: o- haley a re wag-o°@ sf cf “4 . Ser jor oe « jeret™ papeess rend" age ie a pase 07 ee NE es ~ Pi pepper a: ot oe ods ga a = 
~< er ee Bo aM fatgt ad eae = ah Rehieda SA eA Pui On a Pate. “ud As a we a Wn bret Aer r a . ene a a aah qn oP * a On pppoe ear AF POET todd en eae 2 ge: ne poet mpee, rT ian uf? ee EO al maw git * 
Cc = © Se ag ts eves @ te elds, £ dhe ae ee ee geod wiw nyt wai S ow urr,~ P “ - on é ar adv 4% Neng ee 4 m frre: PS “ la ad ine gh ae ga me Om ag ee one pene OLE rem e le aos ie oa € ey Pt OOS 
Oo © Se Rr ae ahiediintted pg vera oe Np ager “eokay ina _ ren a ete wtetle «Puree « a 7 vty . fw a ea FF re mn Len rote Cts? eee e att GrAee Barees GE PRL ET et- Lear be cod tnn ve AF Ts aie tl TT til pape ay nPoee eg ne ee ae r= 
banal © z= ee TEs Are” aury sete mA. ° nie ee Te tee oot OP apo cele, the ah Ose iran’ pu wg Pe en Sen ere be pin cutpnd.@ * pede get OE a gh wetter TIns 2 frgrde eet ore ete S ae ae Ares OP OE mg et 0 pon Ole Sie hee a ae on 
= tee ter ba rerk Fb Sq haha MYT ehm M5 mint “hy oo i 4 ae os =risg Oo vert os rola-w adie ty a he ura Juin adian® Pure at PILL CML F ; pe deen OPE pe ee Tn pangs eX ale ie cesplegt 9 oh SOUL « tader Be prot gas fafa et OT oe van oe dah 5 ater” mee sgn sited ® =p npr ate 
: aly al , - : ¥ a a x 
oO © xX en Pada 78 7 6% lye Met = Fat Pergo serie pipe ob 37OP ad we af Fay, “ered Tanned pethgte ° aiyatag Ant arth PPE Oe LAPIN per eee Pape preteen Sw o Sir’ ee a ee eT beter tad ld gone ease etal payee ae Pedae? D OT ga = foe 
5 = — oUt 8g mH Seer Fare FOr= eel Oto tee A af eta Oe pare ¢ - er a! me owe ‘ yin oe Pea r * pet e® ee ~ a antl re OT ory aris Oe rans et fPX feats CPTS%s esrestst Oo leat Pe SI ee , 
eee a ented gt Fabien Cot edo whe taf , FeaePahy 2% Ord peer Ae bs ow . ces pduotree Pa as =~ a arpagn ehh: Pet fe ree ey dell og fey oF" pene ereeg X™ ape os Oe pamg~ ON 5 
— = > ease > * nthe’ swe eo Ger ueynwe fag Patra e bu Ee % 5 x ~ ap ot te tose ye ee oe Pope esp Ite Pee ae: 7 je jas 
— ety tg = CINK a Ut Cg Pett ote Met edo eae ee WA Ae as . . af . war -“ vw 8K oo we we - « was ey al Sereshas aes toe ’ shed apne gre IA Cp Ge i 
if = : LL Mabe fos UM He Me WED MSN Fe Viet Ye Se Sar Bele PARES = we® prcea yea ben Mated he Mote F ne fe e' rr pears ustedeina i te FF ww a opus aed eg, —ngrgnfes® Freres & i PR LE LE: Pot gn te yt PGE? PT ated soplapye a SHUT - ep ay RS 
= d@) EPRI AP UTE whe Gp 0% “we Re Le et , > P = ps wa aPuPry' v0 OA = oe Phe . Put Dd PP Ge Ser a owe prottna tee o 8 : age comet regres mr? »¢ fav * Te ae wer pap haaeeG et wpe. 05 tr ee sorguee an mee aro ge re 
Cc —_ stg Fete e. YR He OEY TS” OF se curdwt et faxOnll wn, eke PY 60 %y Fa! Hy Ne Pent f= eat Ate he Wy. Se” fn JS elas: woods wif caf tr ets AF arson wee CP OO RO, gre ion qaare DA ARMAS Suave AS POF POY a rds peg eax gremsaange od mors Fed oven p sale rng 
oO ‘an > ete nda Fu techy ine tgt ey “8 te Sty har hin Oe Fume" /f Gta fe PP AER OP ePPE® VOM Paes ® S , » OT as oe par ta Avett # ageeh 0= “Len amy Beene aoe NG F pice OM pogr poer phages (anew sea ® TAPE. OPES ft «oth Langue PY La 
= - am oo Pp ata, MVE tE TCE we 0 Rayit TerhTs MU" ay ty Fudetruteh a %q 1H Son: Sa 7. op Sts yes Pe! ete ree tr, “5 A bce frat OF pie ave Mare OS As Anvdvgupoe ramet prt HO ¢ ae tee Ve, 2 ern? pater Foteen® eager © pa Tose gree gong 
=) —— N > da eS LE ams ven “A pate Bhf eT at ao hair map a ns . ea ve Satu lv of Poste te 8. ela Wher PT a Pa a) : nifien “ae gta Rc terrane Praca vs oo Fah NF “ Agagh Sean e dearest *= «% omen frererey 0 Me peta pre! Bran Pieenr® ps fre at LOOT” in an gre PRL” OFS =a wees ee Ts agate © Py 
ie anne ou Fe pita es te My ea eR I aE FO By pte el Ae OF “i i ~ _ on , OTT Set Meetgln 2h 4 7 . $ stay edin Sw P? son wef% ve ney ew wy tad ant Petey ne gays ween , pie rapes ae ete eT eine seg ore” Sand pee LG F eth 
c 2 Q ee te ne iy Fe Oty He! wie toMy a2. bart ¥ . 7 Nad eek a4 Nyt: ye bw ergot ate -” bd wel batty ened ee -* PO Oy Taisen etm, oe ahah? 9 FR PE TF _ Pee ee t eh etanee nn -_“ te ath Rare sup Pd OOS = ae oS par vete ne 
— ~ eT std he tet eee ee eGustey winstnd no ry hong ted win, wah nF 0 Fur ers NN eather yp aah . ote ned Tats, Sanne telah gt ® tod pifeeaid Gert s POPrsnt HOF Piper ® OP SPT OFS fie fig gt were fo ged EePateh PE er pega” ene pars Spay ne trot 
mE = . t df sop IS oe” bree ke ~t sas Nw ae ener oo Oy P ln EE ale dl on Seber a ngogomie ee ENN Pepe Oe | age gh or PLEO pT aettiinatl 9 TL LET eee i ye aT re 
oh Z WEN Meso Be Ot Aue Fe ye pr lh mabe rome oy regi We= = » cig are fa “ah J 2 = va. w a gobi tg Fe * fel ~ BAaerriomy Prager epi g tygtie fr we” fia Pgh rer fe dufag eet OF pe beond® 508 agri 9 cay eee er d pena ae ee” 
de whet’ Vere Ww ha pps tt Soe Ot 2 Palin “Ye “ 2 at ne Uhre hone ay deeds digest oro tea RIESE pe Pe Sen FOG LLP LA GIS PP LS OD T® a peeps wate oe nd SENS tari 0 ee caaae go tated Oe Pe 
o Syl O91 Cola f OFaptOrwE pe se hony OG gat cheer @ gry Asn § CaPesey Singh ® > ies tah wey O af pastes POTa > APS UES J ad page ose toga PLE POISE sennron Fete eres ve gaat sea? Oe UTTO OES pt FT tetany 4 pe ae ott 
‘am é ele See ww t seen pte tg 4 1." ae — vite ater al We ~ oer ‘ . a ee : pea PP AGIA tS mag. eat Paper Per ei OT FF or ead rd re er goo Gin eae SF ao wtp eteveete aiipwaree. Lag ws ano pate 0d OO 
Tyee OU. 8 Bree NSO eng, Mo8e! Mate wed ey hits yoo tthe beta gfe yh Pm - - PA pare Pd Cae 6 MS SS Ds saa teg Aa Fe Fe peadfin aftyh 9? PRE tn OS" © festa Jo RE Lag mgt Preeti see pei opens pens OTE. 
Coty Rte WG Aa bret yAanneinat NEEM’ pad tr IP a ane ee 8 an View UM § 2 hao att -# waar eee yaa per eter Peers Pe ee ae ipduaeie ten capa pated Oleeie we SURE S>E Are re hI. aE eee Piles aoguerposwsere ie aoe rere = 
Sayin Mh ta Rye Sen uh he Mh FOP.” 4.8 Preote Surat sets ts” r . » yma ott . ‘ a Bt gh Pe eS a chy" nal Fe aaa Spe mites Sear ot Get Pr Piser mtr pagna ego ee = 9 re go Marr 
? whed Bernt all Pnetde wee a baen “al ; hy wh re - nt fe ates Far” ayn ty ee TT ale atid se hike : es fom tk Hapa ct & o~ 12 OF PT al cal wt gest en semetee & TOE, 
ed wre Fe Meee * efone soda? pb Pate weet See Ne Cee = o Cay = af - et af Te bynes YS FT eT A aid gt Anne Gage se pases ta? jar ware raria @ © ef onabieyte eos OSGeo ore Papel 2 OT sort wpnpanareon tees Tes » 
Pao a) = pent Shyer. » hap’ rt ~2 Leth teenth aie ge ies > i arly? = wen ‘yw Me Pe oP Pf eea Ogg ed a phe fers rf" peel et & « em Feat es page bee se ae FO 00 O08 PURCINTS ee Or ee craven bet were 
ra Fone Oe tone ppt ae ba oe ete ee a uyewr'g | bw ' e's a a aes ee pay at ty OPE TG On S eared Spek soa Maan re cents we ye eens oe oo Oe Sov mone Ny penne nent angers? 
g Corman anata ee See we Fel aye ea es Se a? te rage fete SE 7 FS a Sr ae CBP BPEL fro dingy el Per A F 3 wet Jy aff sot pry ete? wang t Ste me eo gyre Pow 2800 wre 2osastat ar a eee input 3 0009 ere sar sat 
ina fee an nat we Taste tah Toasting trnePad? 0 Ras'en en 4 pe I he ore ne Reef een GE bp tat sto SSO shail fo Par TEMA OI wreasamnr ine apereg or! ae ae ES ge nth pers 
\ et pt a pee Or a Oe Pare o-oe H for a ww ns a Dn aihatid Pea Deen Meh O99 EIS LP Perala s8hd ad afiyhtedid OH Pe wnasga’ mare oF gen Sena fu mF fe aewrnrern © re nepave vere iS cevenrspepig eit re ee, i 
eae ¢ hy apr WAS QMS He Warne WEstO Ae Sak reee es Sylhet As wie eee gals oar vy pet ts Se rae Geet ae Prva tegt fore ye po ey pee OT dard cargo Petree Fo ame ot to sve eer AOE eg eget pare nO segue 
ron er: ow ar wes A ey "WAY Pt eh Stud sePasi her | tae Oe pe ee oe ee eee adie, wage Basted 2 Fo Fun atee OIE Pap eo a wap ngecans alt 6207 en 7 a ia at st ee PS eT og ene pane eae EA ape 
: pe wee eat b> a pet Cadi ef occas all tanh ahs hindi d ved fag her ne 0s “gy ne Ive es AN gf SS eid gre wie pert on oT singe corte errata 0 60 Fh OAT arene Lipo wr OT ay, i tb 
pte ery aE qe) = wre he by ae wee © tee OT a ed on —_ . ae yore “As te Vt te ve we tenn PT apttid arcu o gaye anatase ous lad peothar Vie ewstpe de OT apieded CA 90 nee oan store ECOL arecicne 
rem tana ath arene Pues Tie aoe Carety oo yle nant mel a . + doth rei rif a nathan 1g ee pirars Me 08 FO oy rd gtr A OD or re sheer wet otete HiRes eRe pale I TS teil seer empires Pose aT | sane we Meo! acosnserea ee Oe rg lace 
eee: pape ‘ ? Oa AA wee HU W ate a Fed w wy, ss a vee worl fang ens Wh OF ads err es ai panel o ar on ge reye rrrN ss F Yet” at - a a at 

aon eet YN rverene oN sea ale hcl Eee ih-aielly Sndinrd mer el dite er , at ve i a baie ute desea s A rf a. oe pee “ Aes S pgth ~~ th pe OO mat AVee a det a pape ce tet Fee gt see® pas vette on er gnere an t OOP EE pint ae Owen 

onary ag areraen pouty ew te oe chard a <i en Sgt aah t-te VFA et eS eh a eee Wane Tae As BPab Rah d PY Po ee ee vee epee PUNT FOS TIS Tay -ieatye Poe nese peat re PTT a a ee pears etc nti SOO ES ca Oa 

siioute Actin ae eh tM NUL UE" a pst ‘orelhr-abrb aah aah - patente’ what Ouro! opted Petes ko" ON Rta F “ Aigtatonees vig tatmarste tif s 6? reer Pere du pesrer: fee GLE” 88S ew 4 pete t titty hp eee rennet gos-we pte a a gehay e 

paca tewe eel ~ 08 Me dpe repped hic feet F pe te Tin ct haptic fr Oe ng PA © AAR MSIL SOE Rete AG BI NF oe wy ere ep 4 Pe TT ipatA  Atnletec” om oF Pet ee alias iat pice ts batt 9 GO NOM Tedd poly ILS Lis peed aT vay joa on ta 

St ee pp arhpaadied ee APPA ce < wipety Pre Peat 8. a MF motile ty vot eves pi som a an C. Ppdai rae s Sos Sapte outer wins hy For ery ® - Ge Goh bf penne t ae Le eaten ar act eee ae eat eeaaeenget a ne on 
e Ae, Cw tyrre det 9 edie: Weegee Fer *N aude Pyte re z Seed pacing SBD Me wire Wish tee ere Ponti = Jo Po POO Jafri eet POOP EOS. ph ae ot geo Beenie OF rine ¥ ew eeee fies pat Pr or euee Te ahah PIE gn tO Sie ye a Sener” 
Bee Cages PHY Fe TEE Tint as ohn aoe fare tues pr Re id ehh oi ae Pa Oey" OF LOW? : Ow wit RO hea ee Pb Ser" pep ote gy err trre « pre Pedr, eMeeh«K" ptt Fhe peenhaagtrean ane YN FOr roma Fal? OPTI ernseg- svyeameaerer (oo Bo en Pe 
by FRED Peerage WFR 6 PVE pee cont gia eee —_ ety Mratlige Gee Net rw EAM Gey teed # TY Pees cdg we ep ee Pupeeriing igre hwo eferet? or Aaarande rae fue pale athe 1 ee OPED Fe ne ese rfi yearns? "6 Ae, age raressF Bde pate ie ratty eae J peng OT f 
emegs ty Am M Cea! Face Nirs. [9° OEN TYME dy ats Pv Ok erg ay OHNE Dae eae Le ore © PoP .e irate oof ogres op pare 9? A War el FETE ceed ela pimen hee OE ete Te age : 
Ae 2 Ae fo eee Pete OA a Latif A Eee a Pre eee a r pe PPD TE Re eT Say a4 betnn8 oi fetus Xe OO De a Senate’ Ae ef Far eae" ghee La esa eaten te ape 
beget ae We ph Geo ¢ rata AR Ee 6, Rake trans aor h ¥ Maa F 1 = anges tet OSL a. CK ooo terres > Vet vrtaoee tet! aa Fo tas Pe fererr 0 garner ee et On ge ant ongereg ef Te” ee pare to SOPCE ogee 
re raan cuter ere tomre ip de Red pone ou RO Ce BNL ap dl OP Fg ptt Pao OL ne eee ee pa cutee ae cate H Re a Oe acer po a Caterer ae cago a Og ah or i oa pean ioe 
< by #1 meses be PONS Neer Ret mie 8 Acne or 298 ee aed: OF ir PT SP OT Ty pte ef a HUES, DIL UNE Tpeesene” wen? b Ene yea fares ve sins fate oe 0. gooe de AON ee ~ tO to POE. mene 
“pre erapee- paras aetna ry ey, ad age a? Fare e bs Ae, tenet ass Woe oft PA HY” » Oe arte ate fee NYA FOTE fC 2% FS AP ULI ole eee ne or ge sek wrtast deseo wee. Ce A aoe 
Yr? te opeepy gta og Pie ® ener S eur yea ‘ om - ee eh te se Pa pre Fer tap arhdin® ore gaed sre NF 9 PT Do aah gee ip wo M49) or TT, tla conauprs one oe LO Oa hon perenne a 
wht: ve ¥ a tgs ote fe ae v Perl . a are Fe we a OU ge ere teed ae oe dete teh tee jhe Lebetprder C00 POs st pte tess? foie # perrfucrat aad eeresee eure a era on I = on enennreregenrn 
. nen Copay aes e-PRO wine PeaNee =. ; . tah w u*e Pap Meath eee pag « FS whe Oe LE INS™ Tk gages Aiprate s9 0" sucepecne: ee Sn eee fee TV VRE” cottee? wolgg aod CT Oe oo ee Pee gen ene Tg 
a7 Pale PANO wehy ets Eu WA tery ae ee Lt POP hte e Foe ons Mee FOS 0 Fe ae el of Ses Oe Lens feet ENP LT ocr tate swee Far dae PTS ek epee gaa Ia 
be Or eee ar hn 1 as en ON A ee vated Rb Aight e 1S EN I had die wiv iene te MBL a niente oe eee fo" ee tee eal ws oie Se grat a0 PCO Lp 
444 = wi whew ig we WP 1 Fag a OPTS, a ad Oe that > ot eat Bee tgl Aa Pes oS Ee eh Putter ew Ast Dates OA Rie o gt gh Pe pe OT ely eer prs ecg FECT gcc peony Oto gee 
whe Pew ate oes Lia wert rs AS Ue Paes mi are ee A i eta Ut ie aad asrol eo yal ave FP al teh Pale AGE iy ae Asti. pee gorse ne Seater See APE TONS oe en in de Ee hens A ene Ft TMe eT aces 
apes Pye whe GIF A el a & : tah ne Ae gt hog we PFT Fe iat tng Vig Matt VEN S ppd fasen® / nea yer? ROY ay og Path pr 0 I alee yar en* Clade pe OT gape 
i ed eee. ee OS aed Get FM Seagate eens ass £arb™ Be ye tae hg Are tre oN seyre gered thee Ie * ST ad allel Lew erage once gree se? SIO 
aD A Oe Te ee a Prd Pk eal. CORE AN EY fod> Fest HP @ PS 2d restate vt SOAR PELTN Ong renee Tad eS pap ATT IL or tatepn 
OVS ote Hee POS eee oe Oe TLE FAO eres AAbOd? CORE EEER EO pare wae e908 re eat nd et Io te oo a rat IETS all 
Soa tae pric’ elie 1 AREA e cen geendee peg se ROL TOee Pann sateen IE pointe PLT 2 aca pa 
Ne ave predate “flsee® Gagidec fe ry* PR germ eit, COT & ee rw ed ote pe ore 
werw ppv -en SAS RN One el ea pare rotate wT ewe en rm TS 
2 ene Sele sare ewe Ler cnze rw 
PT agin a 
oe 


3980 Pere oS 
aes 0. Oat Py olin ein et ee ay t 
Phot 1? 28 pe “Wi « 
wot ~ wae Fe? Pal? ” pure Pg I 
re lead ale gins 

‘ pee ap we ops Fas eat rT a . 
PP 2 adel FGF PP OTE g a f 
é en ae ag pate nh re ES aeheiel wetep an ire 
eee naones prananenee OnE regen ete, 
a eg geet” 





aS eye “thy wen Poal Parte, 1a rk rer 
1 SyrPorehs Opn wt oe ae se dy + Fett vey 
=~ ty a oLg lay ulate” sh Per eae aie eee tw Meh. i 
ed ee an Sen “b Dywe yO ee od rom Ra Ce COOL VSIA INS a ones Fg eee sto 
. Pp PTO? FI Poeruew valoda fetta Pere TL, eae) POOP 
+g oe BB Ag OLIN eT al Po PF F let oP ITS TES fens Alp chi x 
Supra crane Patan sn eT ed Pe AP LUPE F pT ay RPT ce ppens 
B-P, PRee’ oe? qaco” gah Shia @ <* pawion ee ge forest on és = 
Pee # e awe woke ie fintredh botany a atnnnoa et fet 
GV OVID tegen gee 9° PB RATAR LD AIT Pe 
ees eter ener atte my at amare 


id wt Peer ie ee aw 
es 88 Patera eh ee ae af ty 


~ Ms ne al et woe ’ 
dere WTI WAM. CA OF  ataedli-aip ial ae we ads abet SG Ie 
‘ < y 
- apt ps ease yr ore J 
nan 0 wands Aa agred dF 
hoe eg Oa of 0) Soy Po 


a 
w ld Or LT ee a 
raed 
a” ae F' 
ee ed ee he i 


” 
































Pert oMureh) bear B « eres 
nap par sp eee at ee Mea, : Fe wren v Setar ee Brod ot ORS 4 
Deree AUMeeEt he lhe eb sh a ado feign he nt oft sth AP vey a Ag NF ee gr pep Oe Ce WT a, & pierces Yeh vide, 5! 
SIE Loin She hd ebm ea ee at THUY sa wrerg Rutan od Ave Dla’ S S a eb ee roe OO i ee te Wy Ain, « SRP tee for} ON ye ag 
og Han 6 eg AUTEN US NTE any dN EHUD OVI Fe bs th par Le eit Nebicy eae ate air ee Othe v We. SF I OS AT ah a ee of on aty We mse PB Dorner Ae eh hindtde 
Py ere Hey Bee ewes 3 “(is OF Ware teeny y sap speed jade Oat eee a WAP AF PH AE ee OTE eo Ae te TLL del lad f obs? ON ast aa Pater Fh 9 MEL ILE Pe cata adel ye ata 
- 7 - . ew . 4 Pes irk tote, wh = wh Pr be sabe ae” yg help tb ee wt dhs path a PUSS Ped? FOP IS * aww A ereeT TD siete dr p me Pty eee oe ROT Tele O° rarere 
: ivr. 28 coh rare Aol ne wy oe, OD dd e Po wnk OE y Fie mi oa Ayn Ae MY halt, Boy’y Bur ere" oy hg Fo al TE Ge etvce dict Bb eT OS pt ke noe Cp mnet COVE ap, monde 
7 7 ot PNY. One wove %. ow? pf ne meta aay Ou NE pyre Pun A prongs PVE I Air I PF DALAL ALO Pa ratafind 2 Fara Wee: OS" urfytsou F eretes es 00 Oe gan Mee aan t pager’ 
7 re Sh ih 1 ee sei ify yet pode ho 2 Cle RO. eT al Pall ee fe i \ Mutha td Ue Vie AS Ce a thy, Ob PPT a. ien dite th ae PRL ST LOS eH WP rt OF Saye fire” 0 OR cag, cet apt net ee og paged rg Ider nage pane eee 
AY te toler fr Nie rad ad CRP h ee me 9 Al FO A cdavie es PS As*s. et Te ah te deed OPE END OE etal pres edd terempar ae L Lieanhta teeta vn eg OA STOTT oe 
et Ou am Toh non y tied Oe ak eh A ee A eas Pi PPLE LLL oT PPLE PPOL LUA Gogh © BPD re LE a ol Pe re Te Co bi VOR, ngecneatn ge telnet sh the P lladtedld oe Sign poet Be 
Sing Ne WPL IE BPN “a re. Rags rete A ype Pad POE frngh dug? ante ve st RP Soy bP Py ? 6 Pe bhalhieaed see ar npg Py ad aC eee ae Fe eye anova e me me cate ee SS Nee pret OTE rcnant 
raps a dle Pediatr hGP TAL LS Fad Fe Repth eet se are or er uel ee pO IPE 19 Cage AVG 8 BT HSY — 00 TS CTS rae a dtd aie ees gated een Se ore ONS 
Payee ary er ade Feta BY yas Te oe aS Gk ee es) pt OT Te ded lore wee Satya eertarre nile fa BS va oe pare ere 
Af AIL AOE PTS Ayoub ree Arbo D iat FRESE a Seba 0" fT Sh Fee SS FPN TS ert taanagtocnnpeh pp te aarree edie Le arco OT egeraeh 
pee S dnd PY a db iptin tind Ried oat SPN cuneate agente, ght ie over a ont PTS apart: 
Leia ee rpapapen DiS TT Te ashayaes ©  epl artrtieted phd OT eee a . 
sigan te cna gf earrate Peat OFS ng ain So pear ED 
20 e , fogn parte oer B ~. 
ane paobaT toa Sea page Orono 
wrt ie pS facta vad 


ry rs Rh alia BaO Tyre Y : 
mr nrebrrety see get ren Mma MR NUS Ce seahe Pete iw tard ware babes 
ap etter o whee ME ngia ePreh, tO g. UY a Sey To OTRO OTS hye ve Sater pe Ia ag 
€ 0 Te oh Nal Si 7 Sat © 2 gras sa fF ee it fern ag sor a a - ? 
soeee se IMTS jatiomegs Tapes saad AALS PVTLA 2 -petarettn ad Pyt sve ptt Pwr Mires Owe 5 
a at edad 4 ts RPO OGRA IAAL TT CADW OMY et pe 209 Wit VEE FO os ele i 
RTT ad or Pooh Mysims BNP seewd ke Tee oP patel eespntrseys eat ae PY bad “aa 
Ls ok 0 a een se re ne S pep ee Oe hat daar te iN Pangrn eee es BOL ~pa mreyese 
; seat wayne erie vi ‘gangege? geqign at rsliet.e-F a ee aveegtren were set F nS leditieal OE eenoeed We egret 
atone ON epigctairee Petite wget : Seosnav er werent FOLEY teeta 
ere tate paperlair el at loli sai igua ee ee aoe ef 
ence Od neon 
ne antl 


vyity Were Pura” Tk od tet Sod 
teh HE OF oH: RTE TTNS sit ae ak ee ~" 
ee de Pane er RS ents 
2 oa gel I fied VE PED oF a 
a Cees ee F opsterteend 3 
de $08 CRT He HED O 
ngage 


meso ee OF rng a 
i TL a ee cols 
Ad eu dae 08 nae ™ POTS la dd 
‘5 ahr ee a SS Se ae erset PG ad HED? FF 
ded Ae ee gan wes” Fer ee we OO 8 
eee RMP NEOT AO Saehe 
~~ pee aoa are sent 2 
— ea rere oe HOO OL ages OP en ae Tag Ore ras 
: ator Sahara eset 0 Oca g Coane ee 
on wera 





ws * were ee Serpe Care 







































ae eS etenig Oe Per Oe ~ 
Ne ares at ae rw e VR OTe ou ere is ea 
re Fen OK te pas. ite FU ree A ‘ IDS HPS hur a ON 5 ge Maat Sie Nae iH mae 
See enero Battiatra see ene cist sae gt anes Ye eee OR 3 
“5 A, eg RT OO NS orm : v ye whi . er ae ca aa aL eT tet te tke ON Rae ahi ny Por PA , 
tye rianareneiesrwceunre gon RECT aan eID eM Rt ae AN ann reer 

BPN TWF MP LSAL Miss . rE A ee Mp te vir wre beta ho PT PPE OF PES wv ol ARN LE Pe ree sh oe HOMe UL Ts J 
ap Rees nh et Sar ta ee er rE eT MELWOP TS EY nn Orde Afar rertaX cath ae Po 1 dada PPO a det od 
aes Case ERA © Spica > ort ane ere Y J wee, ow +44 r ye * Aras opie vile ame ote ite I Patel PLM FNS Se Dracby-t- Oey weare 
Se ea Pate WR 518 aye ANIONS - ERP POIP SG le BF Stade Meee Te Mute e™ £ Dafaghth ai farsa I" ot ep AK te bgerT Ya Laude ened fs 
1a CNN ep ane Pte Pectin Pe TARO FUP FP 1G aoe were NS Ra forty aban pb gers 0 ipa aa IS Oe du pi om 
“ 2 . a BP De CURT ORAL TS 5 haf has AND ME ge RIN Fp Se SOON A SNE fare Pe TST nb Pe Rl bo opens ’ Gemuer= 
Wis et FPS, 4 Pr ad RIO ae ete OO pow! Peeh tei epe tid Frew hs 0 Pee TL 110 Oe eee ge rer Ore rata ner aa 
us PRD, RY Oy as init geese’ PP GUI TR Lida dit 4 NL gh rte ro wh 9s eee eeeany vues 77 ever DIP TS eos ” nave coeeree aeo" ar ger ae OT pea TOE 
0 OL pa Aa Oty Ree race But PSs FTN ie Treader eee cere eee 
no af avsee® AR I re bum pre iee aa S aa epaphen ee Seppe 
nye eee TS rene ee Coe sane rer Ce ee pepe ee need atese 

PP «a ae «A Ty hat RP doy AP owe A a Ter Sonic cree 
a 4 RO et Tat Pte sence enc ane ae ene NE eee 


pM uo Reece ts AMG hip YH ATE BEET 





PRE EERAY Se, FEE: 
SG EAA YAP RDA RO Heh, ‘ae 
m be hdl Fe. eae FU ULE Fae sl FAS revue 
Poteet eLearn Seto 
J s : 4 1] : Fi Ty Wheto WE 
Oy MURMURS SEI RR & « ge st me yet . 
ath ate CN : wage Hye “0! myers ROIS, fap ard Gat ois gps woraney, eS BS pan 
“ee ie 5 as Ma oad elt: WR OW 8s Pale: WW Pat e yet At ATM “we hin” TY. adie idl Offre = 
n ; a P ) s at P08 (oe + & eF Users " - ed * Pre we ee gly Getet FH RT say a Whe . Cfo ng Set pooled f fee _neapnries 
, c raps ele ay © oe sae td Pagar stant ld ape BP WRT IYE AN gael WL ERE ed ge a gareahe Fs. 
a pale po : oh a thalaas litle” ee a AS ae A ME ss OnE Tr a ew teh ping ow .< uta FIA aye wre PT ed led Pid ersrndt ip PIO 4 
eh on ee we a Perel Leute ay teats vet BMT NIGAM oe rr PPh Ve Pe ad Cf I ace ALE Lye Bete - wit oe rorene eee 
= pl Sth ~g wR PW Pk ee aot Cae 7 Stee Pee Md), pide 9 PTS See Of ee toyaes wee oe OD ape peientt Pe pet: once rv seoer 2 OE aa PT IS, 
ig sbl-e ¥ rm SE 4 a PO ae “« Wifes Rass glhise wet, Fase DENI AT HSE CBE ADE DS facade uP tee OX ei deta pre MAST arert te teat oe 4 prea Te FRE pti SS is le Soe pewear ess at* OO, ooo 
si ab al pemyeee e wyAe ck a ARP MEA Ee RTS PT el bdactaatd A eto LRRD Tare oe tae TSN Pe Sige? fe ga HET PEI “ied ee gegen ero grant 
Mae Pe ¥ ¥ FI eee ‘ » ARP oy es grurss op toy Dak b ore OTL SUI ws PoP PIT ENT Sparta a ese m Wri Washed sited Sa a ee rte aren 
cre PVR rw ; va el & Pear Hey = 1%. ety / Pai? 4.Re0 wet en Te besakte O80 OD One gee tet erg eine putea Ga fest eUPAE SS nr tty ng sierra I pene core: 
De ae v SFr Pe HS sm be 30 WR a STAINS TRY AA gar Pareles Oe Coo terng ret eg wees Mae Taree, yoenea gba tet i ge caee te ern 
wm e?-*, F, wht? a8p PUNE Bay 2 Baise it She” CP? ¥ Aha Oe ad ot ft AAAS mo th Lace sn the APTI YES, hes Se ete ft a ee Sy ren aren ONES een oe 
oe oD tr Fiseataryt f ae GP BOLO gover! seeoeen Mia etetes Oy betula sie a pets dep teas ap ttre 0 sgn teed Fenn vare es 
” om | ’ . ro) oki be a) a sesepee® * ‘ bat ee ve Sal pe ciel 
OT 5 he APO ey eee Sa eal a anes a eeepc 
F  | gearant COTS Chen wets opt oe LF oo sepetet tS pattern ge yee 
yr OY LE gn eS heigl PPLE nti og ano wna Speeds BETES 
Oost FTE san re rahe pet a calenbepteed OF oe: 
dee . ean OE ne OE ee OE aoe il al 


